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Introduction

Glufosinate is a glutamate analog that inhibits glut-

amine synthetase in plants, which blocks the synthe-

sis of glutamine from glutamate and ammonia1).

Herbicides containing glufosinate ammonium are

available in many countries and their use has gradu-

ally increased2). Acute glufosinate ammonium poison-

ing can cause seizure in humans2). Sudden developed

seizure can rapidly deteriorate the patient’s condi-

tion during hospitalization. Therefore, acute glufosi-

nate ammonium-poisoned patients should be careful-

ly observed for several days after ingestion.
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Purpose: Glufosinate ammonium poisoning can cause seizures, even after a symptom-free period. This study was

conducted to evaluate the relationship between serum neuron specific enolase (NSE) level and the occurrence of

seizures in patients with acute glufosinate ammonium poisoning.

Methods: For this retrospective observational study, data from patients diagnosed with acute glufosinate ammoni-

um poisoning were collected between January 2016 and June 2016. Serum NSE was measured within 2 hours of

arrival at the emergency department. The patients were divided into a seizure group and a non-seizure group.

Results: The seizure group included eight of the 15 total patients (53.3%). The serum NSE level was significantly

higher in the seizure group than in the non-seizure group (32.4±11.9 ng/mL vs. 19.5±5 ng/mL, p=0.019). The

amount of glufosinate ingested and initial and peak serum ammonia levels were significantly higher in the seizure

group than in the non-seizure group. There was no significant difference in the area under the curve of the serum

NSE level or the initial and peak serum ammonia levels in terms of predicting the occurrence of seizures.

Conclusion: In acute glufosinate poisoning, initial serum NSE levels may help in prediction of seizures.
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In acute glufosinate ammonium poisoning, the use

of a biomarker for predicting seizure can be helpful to

indicate the prognosis of patients, because seizures

can occur after latent periods following ingestion2-4).

Neuron specific enolase (NSE) has been widely eval-

uated as a predictive marker of neuronal cell damage

after traumatic and hypoxic brain damage, status

epilepticus, carbon monoxide poisoning, and cardiac

arrest, because NSE is not physiologically secreted

unless damage to brain cells occurs5-11). NSE is a gly-

colytic enzyme that is predominantly localized in the

neuronal cytoplasm in the central nervous system.

There are three isozymes of enolase: enolase α is

ubiquitous, enolase βis muscle-specific, and enolase

γis neuron-specific12,13). Whereas the γγform of NSE

is expressed in neurons, the αγform is expressed in

the glial cells, such as microglia, oligodendrocytes,

and astrocytes14,15). Therefore, the αγand γγforms of

NSE can be released from the neuronal and glial tis-

sues into blood when cell membrane integrity is lost.

However, studies regarding the relationship between

serum NSE and seizures are limited in acute glufosi-

nate ammonium poisoning.

Therefore, the aim of this study was to evaluate the

relationship between serum NSE level and the occur-

rence of seizures in patients with acute glufosinate

ammonium poisoning.

Methods

1. Study design and patients

For this retrospective observational study, data of

consecutive adult patients (>18 years) diagnosed

with acute glufosinate ammonium poisoning was col-

lected between January 2016 and June 2016. The

emergency department (ED) was located in a single,

suburban, tertiary-care hospital with more than

46,000 annual visits, and is staffed 24 hours a day by

board-certified emergency physicians.

Acute glufosinate ammonium poisoning was con-

firmed by patient or guardian statements and an

emergency physician verified the agent and tran-

scribed the bottle label into the patient record. All

acute glufosinate ammonium-poisoned patients were

admitted to the intensive care unit for close observa-

tion for more than one day. Patients with hyperam-

monemia received a lactulose enema to lower the

ammonia level because high levels may cause neuro-

logical complications4).

Patients were excluded from the study for the fol-

lowing reasons: 1) poisoning with any additional

material except for alcohol; 2) the presence of other

conditions that could increase serum NSE, including

hemolyzed blood, neural chest-derived tumors like

small cell lung cancer, neuroendocrine tumor, and

cardiac arrest before arriving at the ED16,17); 3) no

serum NSE levels were taken; 4) presentation more

than 24 hours after acute poisoning because the half-

life of serum NSE is 24 hours9); and 5) transfer to

another hospital after admission into the ED.

This study was approved by the Institutional

Review Board at Wonju Severance Christian Hospital

(approved number: CR317360).

2. Study variables and definitions

The following clinical variables were evaluated:

age; sex; intentionality of poisoning; ingested

amounts (cc); time elapsed from ingestion to ED

arrival (hours); co-ingestion of alcohol; medical his-

tory; initial vital signs; initial symptoms; and compli-

cations, such as seizures, mental changes (Glasgow

Coma Scale, GCS<13), amnesia, respiratory failure,

pneumonia, and shock. Intensive care unit (ICU)

admission days and in-hospital mortality were also

evaluated. Respiratory failure was defined as hypoxia

(PaO2<70 mmHg) or hypercapnea (PaCO2>60 mmHg).

Shock was defined as systolic blood pressure less

than 90 mmHg requiring administration of a vasoac-

tive drug.

Laboratory variables included serum NSE, serum

ammonia level, arterial blood gas analysis, and serum

lactate. Serum NSE levels (reference range: <16.3

ng/mL) were obtained using Cobas� (Roche

Diagnosis, Indianapolis, IN, USA) and were mea-

sured within 2 hours after arrival at the ED. We

checked serum ammonia level (reference range: <54
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μg/dL) because the measurement of serum ammonia

level has been suggested as an indicator of neurolog-

ic complications including seizure in glufosinate

ammonium poisoning4,18,19). Serum ammonia levels

were serially measured once more within 24 hours

after arrival at the ED and were followed until nor-

malization. The peak ammonia level was defined as

the highest serum ammonia level measured. The

patients were divided into two groups: the seizure

group and the non-seizure group.

Data were collected during a retrospective review

of patient electronic medical records by one emer-

gency physician who was blinded to the study objec-

tives and hypothesis. The abstractors were blinded to

the categorization of the patient groups. Because the

study was performed retrospectively and observa-

tionally, the patient records and information were

anonymously processed prior to analysis.

3. Study endpoint

The primary outcome of this study was to compare

serum NSE levels associated with the occurrence of

seizures in acute glufosinate ammonium poisoning.

4. Statistical analysis

Data are expressed according to the properties of

the variable. Continuous variables are presented as

the mean and standard deviation or the median and

range. Categorical variables are shown as a frequen-

cy and percentage. A Chi-square test (Fisher’s exact

test) was used to compare the categorical variables

and two sample t- or Mann-Whitney U-tests were

used to compare the continuous variables. Normality

was first assessed using the Shapiro-Wilk test. The

area under the receiver operating characteristic (ROC)

curve was used to evaluate the ability of serum NSE

to determine the occurrence of seizures. In addition,

comparison of the area under the curve (AUC) was

analyzed using the method of DeLong et al. A p-

value less than 0.05 was considered statistically sig-

nificant and all statistical analyses were conducted

using SPSS ver. 23 (IBM, Armonk, NY, USA) and the

MedCalc Statistical Software version 17.5.3 (MedCalc

Software, Ostend, Belgium).

Results

1. Patient characteristics

During the study period, 15 consecutive patients

with acute glufosinate ammonium poisoning were

identified and all patients were included. In all

patients, the ingested glufosinate concentration was

18% and sodium laureth sulfate and sodium lauryl

sulfate were contained as surfactants.

Eight patients (53.3%) were men and the mean age

was 58.4 years. The poisoning was intentional for all

patients, and the patients arrived at the ED within a

median of 3 hours after ingestion. Diabetes mellitus

(20%) and hypertension (26.7%) were common past

medical conditions. Patients experienced nausea/

vomiting (60%), dizziness (40%), and dyspnea (20%)

at the ED. All patients received gastric irrigation or

gastric lavage and activated charcoal. Mental changes

(12 patients, 80%), amnesia (9 patients, 60%), and

seizures (8 patients, 53.3%) were common during

hospitalization. One patient died during hospitaliza-

tion (Table 1).

2. Comparisons between non-seizure group and

seizure group

The seizure group included 8 patients (53.3%). On

the hospital admission day 0, 4 patients experienced

seizures and the rest occurred on the hospital admis-

sion day 1. The amount ingested, serum NSE level,

and initial and peak serum ammonia levels differed

between the groups (Table 1 and Figure 1). Although

the AUC of initial serum ammonia to predict the

occurrence of seizures was higher than AUC of the

serum NSE or peak serum ammonia levels, there was

no significant difference among each tests (Table 2

and Figure 2).

All complications, including mental change, respira-

tory failure, pneumonia, shock, and in-hospital mor-

tality, more developed in the seizure group, although
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there was no significant difference, except for amne-

sia. The ICU admission duration was significantly

longer in the seizure group than in the non-seizure

group (Table 1).

Discussion

Glufosinate ammonium herbicide can cause seizure

as neurologic complication through excitation and

depression of the central nervous system by glufosi-
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Table 1. Baseline characteristics and laboratory findings in patients with acute glufosinate ammonium poisoning

Total (n=15)
Non-seizure group Seizure group

p-value(n=7, 46.7%) (n=8, 53.3%)

Age 58.4±15.3 58.6±14.6 58.3±17. 0.969
Male 8 (53.3) 3 (42.9) 5 (62.5) 0.619
Ingested amounts (cc) 235±140 147±890 0313±133 0.015
ED visit time (hours) 3 (2-4.5). 3 (1-4) 2.5 (2-5) 0.613
Co-ingested alcohol 7 (46.7) 4 (57.1%) 3 (37.5) 0.619
Medical history

DM 3 (20)0. 1 (14.3) 2 (25)0. 1.000
HTN 4 (26.7) 2 (28.6) 2 (25)0. 1.000
Hyperlipidemia 1 (08.3) 0 (0) 1 (12.5) 1.000

Vital signs
SBP (mmHg) 119 (110-156) 142 (109-158) 119 (110-152). 0.613
PR (rates/minute) 97 (91-108) 92 (78-110) 104 (92-161)0. 0.281
RR (rates/minute) 18 (18-19)0 18 (18-20) 18 (16-19)0. 0.281
BT (。C) .36.2 (35.9-36.8) 36.2 (36-36.8)0 36.2 (34.9-37.5) 0.867

Symptoms and signs
Nausea/vomiting 9 (60)0. 3 (42.9) 6 (75)0. 0.315
Abdominal pain 3 (20)0. 0 (0) 3 (37.5) 0.200
Headache 2 (13.3) 0 (0) 2 (25)0. 0.467
Dizziness 6 (40)0. 3 (42.9) 3 (37.5) 1.000
Dyspnea 3 (20)0. 2 (28.6) 1 (12.5) 0.569

Laboratory findings at the ED
ABG

pH 7.39 (7.31-7.4). 7.35 (7.33-7.4). 7.39 (7.12-7.42) 0.867
PaO2 (mmHg) 105 (103-129) 111 (105-135) 103 (91-162)0. 0.281
PaCO2 (mmHg) .32.4 (30.1-34.4) 30.4 (28-38.1). 32.9 (31.5-34.9) 0.536
Bicarbonate (mmol/L) .20.1 (16.5-20.7) .20.1 (17.6-20.8) 19.9 (11.6-20.9) 0.867

Lactate (mmol/L) .2.73 (1.96-3.27) .2.73 (1.36-2.84) 2.96 (1.41-6.34) 0.867
NSE (ng/mL) 26.3±11.2 19.5±500. 032.4±11.9 0.019
Initial ammonia (μg/dL) 119±57 69±21 162±41 <0.0010
Peak ammonia (μg/dL) 132±55 95±47 165±38 0.007

Complications 
Mental change 12 (80)00. 4 (57.1) 8 (100). 0.077
Amnesia 9 (60)0. 2 (28.6) 7 (87.5) 0.041
Respiratory failure 5 (33.3) 2 (28.6) 3 (37.5) 1.000
Pneumonia 6 (40)0. 1 (14.3) 5 (62.5) 0.119
Shock 3 (20)0. 1 (14.3) 2 (25)0. 1.000

ICU admission days 7.5±5.5 2.9±1.1 11.7±4.2 <0.0010
In-hospital mortality 1 (06.7) 0 (0) 1 (12.5) 1.000

ED: emergency department, DM: diabetes mellitus, HTN: hypertension, SBP: systolic blood pressure, PR: pulse rate, RR: respiratory
rate, BT: body temperature, ABG: arterial blood gas, PaO2: partial pressure of arterial oxygen, PaCO2: partial pressure of arterial carbon
dioxide, NSE: neuron specific enolase, ICU: intensive care unit
mean±standard deviation
median (interquartile range)



nate, its metabolites, surfactants, or glufosinate-

induced imbalance between glutamate, ammonia,

and glutamine18,20). The toxic mechanism is mediated

through the N-methyl-D-aspartate receptor, which

increases intracellular calcium ions and nitric oxide21).

This effect can inhibit glutamine synthetase in the

nearby astrocytes, which are the most abundant cell

type within the brain, and result in accumulation of

glutamate and ammonia22). The associated intracellu-

lar accumulation of ammonia causes tissue necrosis

and death in the brain4,19). In this study, the seizure

was developed in 53.3% and serum NSE, which may

be released from the neuronal and glial tissues into

the blood when cell membrane integrity is lost, was

significantly higher in the seizure group. A seizure is

a sudden change in behavior caused by abnormal

excessive or synchronous neuronal activity in the

cerebral cortex. Within the brain, oxygen consump-

tion is highly dynamic and region specific. The cere-

bral cortex consists of an outer zone of neural tissue

called the gray matter and gray matter consumes

more than twice as much oxygen as the white matter,

with the highest consumption occurring in the medial

occipital lobe23). Because so much oxygen is con-

sumed in the cerebral cortex, the cerebral cortex may

be also vulnerable to other toxic insults. Therefore,

NSE may be released in a greater amount in the brain

cells of the cerebral cortex and reflect injury to the

cerebral cortex related to seizures. However, we

could not know whether serum NSE concentration

would predict seizures in acute glufosinate ammoni-

um poisoning due to small sample, although a few

studies have indicated the usefulness of serum NSE

in predicting human epilepsy6,24). Therefore, a well-

designed prospective study is necessary to address
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Fig. 1. Serum NSE levels at the emergency department in patients
with acute glufosinate ammonium poisoning classified
according to presence of seizure.

Fig. 1. 22.9 ng/mL means cut-off value of serum NSE according
to presence of seizure

Fig. 1. NSE: neuron-specific enolase

Table 2. Values of receiver operating characteristic curves for serum NSE and ammonia levels for predicting seizures in patients with acute
glufosinate ammonium poisoning

Variables AUC (95% CI)
p-value p-value p-value

(vs. NSE) (vs. Initial ammonia) (vs. Peak ammonia)

NSE 0.857 (0.584-0.980) - 0.256 0.818
Initial ammonia 0.982 (0.752-1.000) 0.256 - 0.265
Peak ammonia 0.893 (0.628-0.991) 0.818 0.265 -

AUC: area under the curve, CI: confidence interval, NSE: neuron-specific enolase

Fig. 2. Receiver operating characteristic curve of the serum NSE
level to predict neurologic features.

Fig. 2. NSE: neuron-specific enolase



this limitation.

In previous reports, the serum ammonia level was

also a good predictor of neurologic complications,

including seizures3,4). In present study, serum ammo-

nia was also significantly higher in the seizure group

than in the non-seizure group. If the arterial ammo-

nia level is elevated, an increased uptake of ammonia

by the brain cells can occur25), and this reaction can

be promoted by the formulation of anionic surfac-

tants contained in glufosinate herbicide as anionic

surfactants can increase the uptake of ammonia into

the brain by increasing the permeability of the blood-

brain barrier26).

In this study, the ingested amount was statistically

higher in the seizure group than in the non-seizure

group. In our previous study and a study by Moon et

al., the ingested amount was significantly higher in

the neurological complication group including seizure

than in the non-neurological complication group4,27).

However, in studies by Mao et al. and Inoue et al.,

the ingested amounts were not statistically different

between the non-neurological complication group

and the neurological complication group19,28). This dif-

ference may have occurred because it is difficult to

accurately measure the amount ingested. In this

study, all other complications, including mental

changes, amnesia, respiratory failure, pneumonia,

shock, and in-hospital mortality, occurred more fre-

quently in the seizure group. In addition, patients

who experienced seizures were more often admitted

to the ICU than patients who did not experience

seizures. Therefore, if other complications occur, the

patients should be treated more intensively.

This study had several limitations. First, the number

of patients was small because the study was limited

to a single-center. However, we evaluated all patients

with acute glufosinate ammonium poisoning and

measurement of serum NSE to reduce this possible

bias. Serum NSE was checked from January 2016 to

June 2016 in the ED. Second, the study was limited

by its retrospective design. Missing data during col-

lection was also a limitation. Third, we could not exclude

the effects of the contained surfactant. However, in

all patients, the ingested surfactants were sodium lau-

reth sulfate and sodium lauryl sulfate. Fourth, we did

not measure serial NSE levels like we did serum

ammonia levels. Therefore, we could not evaluate

the serial changes in the serum NSE levels poisoned

patients. Fifth, a patient’s initial mental status can be

affected by the co-ingestion of alcohol, and respirato-

ry failure and shock affecting cerebral perfusion and

oxygenation. However, there was no significant dif-

ference in the incidence of alcohol co-ingestion, and

respiratory failure and shock between the non-

seizure group and the seizure group. Sixth, hemoly-

sis may cause an increase in the serum NSE level pro-

portional to the degree of hemolysis, even in the

absence of brain injury29). However, laboratory mark-

ers of hemolysis, including serum total bilirubin and

lactate dehydrogenase levels were not significantly

different between the non-seizure group and the

seizure group. Seventh, we could not diagnose the

non-convulsive seizures and completely differentiate

seizures from myoclonus because we did not confirm

the seizure through electroencephalography.

Conclusion

In acute glufosinate poisoning, initial serum NSE

levels may be helpful for predicting seizures.
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Kos J. Neuroprotective role ofγ-enolase in microglia in a

mouse model of Alzheimer’s disease is regulated by cathep-

sin X. Aging Cell 2013;12:604-14.

16. Burghuber O, Worofka B, Schernthaner G, Vetter N, Neumann

M, Dudczak R, et al. Serum neuron-specific enolase is a

useful tumor marker for small cell lung cancer. Cancer 1990;

65:1386-90.

17. Lamberts SW, Hofland LJ, Nobels FR. Neuroendocrine

tumor markers. Frontiers in neuroendocrinology 2001;22:

309-39.

18. Watanabe T, Sano T. Neurological effects of glufosinate

poisoning with a brief review. Hum Exp Toxicol 1998;17:

35-9.

19. Mao YC, Hung DZ, Wu ML, Tsai WJ, Wang LM, Ger J,

et al. Acute human glufosinate-containing herbicide poi-

soning. Clin Toxicol (Phila) 2012;50:396-402.

20. Hori Y, Tanaka T, Fujisawa M, Shimada K. Toxicokinetics

of DL-glufosinate enantiomer in human BASTA poisoning.

Biological and Pharmaceutical Bulletin 2003;26:540-3.

21. Matsumura N, Takeuchi C, Hishikawa K, Fujii T, Nakaki

T. Glufosinate ammonium induces convulsion through N-

methyl-D-aspartate receptors in mice. Neuroscience letters

2001;304:123-5.

22. Rodrigo R, Cauli O, Boix J, ElMlili N, Agusti A, Felipo V.

Role of NMDA receptors in acute liver failure and ammo-

nia toxicity: therapeutical implications. Neurochem Int

2009;55:113-8.

23. Pantano P, Baron JC, Lebrun-Grandié P, Duquesnoy N,

Bousser MG, Comar D. Regional cerebral blood flow and

oxygen consumption in human aging. Stroke 1984;15:635-41.

24. DeGiorgio C, Heck C, Rabinowicz A, Gott P, Smith T,

Correale J. Serum neuron-specific enolase in the major

subtypes of status epilepticus. Neurology 1999;52:746-.

25. Sørensen M. Update on cerebral uptake of blood ammo-

nia. Metabolic brain disease 2013;28:155-9.

26. Saija A, Princi P, Trombetta D, Lanza M, De Pasquale A.

Changes in the permeability of the blood-brain barrier fol-

안교진 외: Neuron Specific Enolase in Glufosinate Poisoning

J KOREAN SOC CLIN TOXICOL / 55



lowing sodium dodecyl sulphate administration in the rat.

Experimental brain research 1997;115:546-51.

27. Moon JM, Chun BJ. Serial ammonia measurement in patients

poisoned with glufosinate ammonium herbicide. Hum Exp

Toxicol 2016;35:554-61.

28. Inoue Y, Onodera M, Fujita Y, Fujino Y, Kikuchi S, Endo

S. Factors associated with severe effects following acute

glufosinate poisoning. Clin Toxicol (Phila) 2013;51:846-9.

29. Moon JM, Chun BJ, Lee SD, Jung EJ. Serum neuron-spe-

cific enolase levels at presentation and long-term neuro-

logical sequelae after acute charcoal burning-induced car-

bon monoxide poisoning. Clin Toxicol (Phila) 2017:1-8.

56 / J KOREAN SOC CLIN TOXICOL

한임상독성학회지 제 16 권 제 1 호 2018


