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Abstract

Chlormequat is a quaternary ammonium and choline chlorinated derivated is used as plant
growth regulating agent. There are very few documented cases of poisoning in humans. We re-
ported a case of non-fatal suicide attempt by chlormequat in France. A 34-year-old woman was
admitted to hospital after deliberate consumption of plant growth regulator, C5 SUN, containing
chlormequat chloride (460 g/L) and choline chloride (320 g/L). Immediately, she developed symp-
toms of respiratory distress and a cardiac massage was begun by her father. In this case report, we
described the method for an accurate and reliable screening of chlormequat which was based on
the combination of Target Analysis powerful software and a high performance TOF-MS (Impact HD
from Bruker). After forced diuresis, the kinetic of elimination of chlormequat is biphasic: vascular
phase diffusion (half-life of 5.6 hr) followed by a phase of free elimination (half-life of 16.2 h). Al-
though chlormequat poisoning is clinically similar to that observed with anticholinesterase com-
pounds, chlormequat chloride is not an acetylcholinesterase inhibitor. Chlormequat seems to be a
weak substrat competitor for cholinesterase leading to acetylcholine accumulation and prolonged
depolarization in muscular junction. Cardiac massage, artificial respiration and forced diuresis
have significantly improved the prognosis of our patient.
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1. Introduction

Deliberate self-poisoning has become an increasingly common response to emotional distress in vulnerable per-
sons, and it is now one of the most frequent reasons for emergency hospital admission. In rural zones, the sub-
stances most commonly used for self-poisoning are agricultural chemical products as pesticides [1]. Chlorme-
quat chloride which is containing in C5 SUN is a plant growth regulator that belongs to the quaternary ammo-
nium class of chemicals commonly referred to as pesticide. Chlormequat chloride or [(2-cloroethyl) trimethy-
lammonium chloride] works through inhibition of a plant hormone’s biosynthesis which is useful in regulating
the growth characteristics of many plants [2]. This early blockage prevents the synthesis of numerous plant
hormones needed for normal plant growth and development. The sequence of events leading up to death gener-
ally consists of inhibition of cholinesterase, acetylcholine accumulation, disruption of nerve function (centrally
or peripherally), respiratory failure, and ultimately asphyxiation [3]. It hasn’t been estimated the lethal dose in
men. While fatalities due to poisoning are reported frequently, only three case reports are published regarding
fatal chlormequat chloride intoxication. Two fatalities were due to deliberate ingestion where patient drank un-
known quantities of chlormequat [4] [5] and the other one was due to accidental exposure where chlormequat
was determined to be present in fluids and tissue [6].

In this view, we describe a case of non-fatal suicide attempt due to chlormequat intoxication by ingestion of
C5 SUN composed by 460 g/L of chlormequat chloride and 320 g/L of choline chloride.

2. Case Report
2.1. History of Present

A woman of a 34-year-old was admitted to the emergency unit following intentional ingestion of C5 SUN for
suicidal purpose following a family conflict. The woman presented both, cyanosis and consciousness disorders.
She has a past psychiatric history and she was hospitalized for suicide attempt in July 2012 when she took an
overdose of her medication (anti-depressive agents). According to his father present during the incident, imme-
diately the symptoms began after consumption of chlormequat chloride and choline chloride. She suddenly lost
consciousness and cyanosis appears leading to respiratory distress. For 15 minutes, her father performed an epi-
gastric and thoracic cardiac massage causing emesis. During that time, she remained unresponsive but was
breathing slowly. When firemen arrived, the patient had a circulatory activity without spontaneous ventilation.

On admission, vital signs revealed pulse rate of 85 beats/minute, blood pressure of 131/84 mmHg, respiratory
rate of 15 per minute and his body temperature was 35.5°C. The patient was set in artificial breathing after an
orotracheal intubation. She required ventilator support for three days. She was treated with an antibiotic agent
(Amoxicillin-Augmentin™) and was given by infusion at the rate of 2 g/6h. She was perfused by 500 mL of
physiological serum to increase the diuresis. The patient was sedated by fentanyl (opiod analgesic) and midazo-
lam (benzodiazepine) when signs of waking appeared. Response to the treatment was good and gradual im-
provement in biomarkers of inflammation was noticed (CRP and orosomucoid). Following recovery, she was
evaluated by psychiatrist and revealed that ingestion of C5 SUN was an impulsive act due to poor social support
from family. She exit the intensive care unit one week after her admission.

2.2. Other Medical Examinations

Her chest X-ray showed a right pulmonary alveolar infiltrate. A digestive investigation revealed an ulcerated
esophagitis shallow and an erythematous gastric with minimal lesions. There were no neurological deficits and
no cardiovascular disorders. Examination of other systems was normal. A medical examination at admission
showed normal renal functions. Biological analyzes showed an increase of CPK (195 pL) and LDH (506 uL)
likelyhood due to the effect of chlormequat chloride on the muscles. Furthermore a hypercalcemia, hyperglyce-
mia (14.9 mmol-L™%), acidosis (HCO;: 21.4 mmol-L ) with hypoxia (FIO2 81 and PEEP 3) occurred during the
admission assessment. There was also an increase in lipase (189 pL). Cholinesterase activity was normal.

2.3. Toxicological Analysis

To measure and follow elimination of chlormequat, toxicological analysis were performed using a bench-top
Ultra-High Resolution LC-MSMS system, Impact HD from Bruker Daltonics, France. LC-MSMS analysis was



G. H. Yang et al.

carried out on RSLC U30000. All chromatographic separation were achieved using an Acclaim™ RSLC C18
2.2 UM 2.1 x 100 mm column. A RSLC U3000 autosampler was used to inject 10 pL of extract into the LC-MS.
Chromatographic separation was achieved using of two mobile phases; one consisting of 5 MM NH, formiate in
0.01% formic acid solution in water; and a second mobile phase is a mix of water/MeOH (90:10). The total run
time was 20 min at a flow rate of 0.2 mL/min. Mass spectrometry detection was performed by a Bruker Impact
HD™ with electrospray ionization (ESI) performed in positive and negative mode. The mass spectrometer was
tuned and calibrated using Na-formiate and acetate salt clusters. Samples were screened using a full scan mode.

Chlormequat quantities were determinate using an external calibration procedure. Based on the integrated
peak areas for the reconstructed ion chromatograms corresponding at the 122 m/z (for chlormequat), a five-point
calibration curve of relative response factor versus chlormequat concentration was established. Relative res-
ponses factors were calculated for each sample and the corresponding chlormequat concentration was deter-
mined from the calibration curve. Blood contents were analyzed for the intact chlormequat. The results of the
analyses are presented in Figure 1. The concentration of chlormequat in the blood at T, was found to be 5.105
mg/L. While the hours passed, quantity of chlormequat in the blood significantly decreases. At 12 h after inges-
tion of the product, the level was 0.828 mg/L. This improvement was made possible by the forced diuresis.

3. Discussion

Chlormequat is a quaternary ammonium. With choline chlorinated derivative, there are used as plant growth re-
gulating agent. Generally, acute cholinergic symptoms due to anticholinergic pesticide poisoning manifests
within 24 to 72 hours due to accumulation of acetylcholine at muscarinic and nicotinic sites. The intermediate
syndrome which manifest after 24 to 96 hours due to prolonged activity of acetyl choline at nicotinic receptors
resulting in weakness of ocular, neck, limb and respiratory muscles [7]. In this case, symptoms of intoxication in
the first quarter of an hour after ingestion of a plant growth regulator were a respiratory deficiency. At the end of
his hospitalization, laboratory values have returned to normal. Chlormequat does not induce inhibition of the ac-
tivity of the acetyl cholinesterase. It acts at the neuromuscular junction and mainly in the diaphragmatic muscle
contributing to respiratory distress. The chlormequat seems to act as a partial agonist of the acetylcholine recep-
tor and causing a prolonged endplate depolarization including the diaphragm [8]. This effect is bringing closer
that of decamethonium or succenylcholine [9]. Chlormequat kinetics was followed, with vascular phase diffu-
sion (half-life of 5.6 hr) and a phase of free elimination (half-life of 16.2 h). Its action is maximal vascular phase
“bolus effect” and fades after diffusion (Figure 1). We are the first to show the chlormequat’s toxicokinetics.

As far as use of atropine is considered as antidote, its role remains controversial because chlormequat is not
an anticholinesterase agent. Database from TOXNET [7] don’t recommend the administration of atropine [7].
Nevertheless, few authors have reported to use neostigmine such as a treatment counter the effects of chlorme-
quat ingestion. Bardale et al. suggested use the label of container mentions neostigmine as an antidote. Therefore it
creates more confusion and needs further clinical studies to clarify the issue [4]. Neuromuscular junctions were
blocked by doses of 1 mg/kg and this effect was counteracted by administration of 1 mg/kg of neostigmine [9].
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Figure 1. Concentration of chlormequat in blood by Impact HD Bench-Top QTOF.
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There is no antidote for chlormequat poisoning and treatment consisting of forced diuresis, earlier cardiac
massage and artificial respiratory support, remains the only option. Aggressive primary decontamination with
gastric lavage is required as early as possible. We did not assess the interest of activated charcoal in elimination
of the chlormequat. Although chlormequat chloride poisoning resembles to the anticholinesterase agents’s poi-
soning. However, chlormequat chloride is not an acetyl cholinesterase inhibitor. Chlormequat was believed to be
weak substrat competitor for cholinesterase leading to acetylcholine accumulation and prolonged depolarization
in the diaphragm muscular junction; and produce clinical features similar to excessive stimulation of cholinergic
receptors throughout the central and peripheral nervous system.

Although the accidental or intentional ingestion of chlormequat is rare and to our knowledge only three such
cases have been described in literature. This is the first case in France describe in the last 2 years. Winek et al. [6]
reported a case of a 59-year-old man died approximately 5 hours after ingestion of a mouthful of an 11.8%
chlormequat solution. Initially, the patient developed dizziness, profuse sweating, excessive salivation and visu-
al disturbance. He was transferred to hospital where he was pronounced dead about 90 minutes after hospitaliza-
tion. The death is a result of ventricular fibrillation which progressed to asystole. Autopsy findings showed
pulmonary edema, coronary atherosclerosis, and of aorta injuries. Bardale et al. [4] reported also a case of fatal
poisoning with plant growth regulator, chlormequat [4]. The patient was declared dead on arrival to hospital.
Autopsy findings consist of congestion and edema of upper respiratory tract and esophagus, pulmonary edema
and erosions of gastric mucosa. In all these cases, patients who accidentally or intentionally ingested chlorme-
quat are dead. In our case, the patient survived thanks to the forced diuresis and the earlier cardiac massage. In-
deed, following hour’s rate of chlormequat dicreases such as it’s described in Figure 1.

4. Conclusion

In conclusion, the favorable prognosis of our patients is primarily due to rapid support by cardiac massage and
also monitoring of cardiopulmonary function in intensive care unit by forcing the elimination of the product by
diuresis. Toxicokinetic is a usefulness tool to monitor elimination of chlormequat and prevent any rebound.
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