Toxicologie Analytique & Clinique 34 (2022) 121-126

Disponible en ligne sur Elsevier Masson France
ScienceDirect EM|consulte
www.sciencedirect.com www.em-consulte.com

CASE REPORT

A case report of acute kidney injury L)
following organophosphate methidathion
poisoning

Bilel Chefirat®:%* Anissa Zergui® ",
Haciba Rezk-Kallah2:°:¢

a Department of Pharmacy, Faculty of Medicine, University Oran1 Ahmed Ben Bella, Oran,
Algeria

b Department of Pharmacology Toxicology, University Hospital Center of Oran, Oran, Algeria

¢ Environmental Health Research Laboratory, University Oran1 Ahmed Ben Bella, Oran, Algeria

Received 20 October 2021; received in revised form 22 January 2022; accepted 11 March 2022
Available online 3 May 2022

KEYWORDS Summary Organophosphate pesticides (OPs) have a deleterious effect on the nervous system
Organophosphate; but they can also affect other systems and organs. Respiratory and cardiac complications are
Cholinesterase common, but the pathophysiology of nephrologic damage has not been fully studied.

activity; We report a case of voluntary intoxication with Ultracide 40® (Methidathion at 420g/L) pre-
Acute Kidney Injury; senting on admission a suggestive clinical picture of poisoning with a cholinesterase inhibitor.
Pralidoxime; The assay for butyrylcholinesterase (BChE) activity confirmed the poisoning. In addition to symp-
Hemodialysis. tomatic and evacuation treatment, the patient received antidotal treatment with atropine and

pralidoxime. The patient presented on day 4 oligo-anuria with hyponatremia, hyperkalemia,
hyperuremia and metabolic acidosis which evolved to Acute Kidney Injury (AKI) thus requiring
daily hemodialysis sessions in combination with pralidoxime. This evolution was biologically and
clinically favorable.

Sporadic case reports of AKI secondary to OPs poisoning have been described in the scientific
literature. These cases were successfully treated with pralidoxime combined with hemoperfu-
sion or hemodialysis.

Acute OPs poisoning can also induce AKI. Hemodialysis could counteract the toxic effects of
OPs by maintaining the acid-base balance and minimizing the harmful effects of OPs on the
kidneys. Randomized Controlled Trial (RCT) studies of dose adjustment of pralidoxime in cases
of renal failure are needed to establish good management guidelines.

© 2022 Société Francaise de Toxicologie Analytique. Published by Elsevier Masson SAS. All
rights reserved.

* Corresponding author.
E-mail addresses: chefirat.bilel@gmail.com, chefirat.bilel@univ-oran1.dz (B. Chefirat).

https://doi.org/10.1016/j.toxac.2022.03.002
2352-0078/© 2022 Société Francaise de Toxicologie Analytique. Published by Elsevier Masson SAS. All rights reserved.

© 2022 Elsevier Masson SAS.All rights reserved. - Document downloaded on 18/05/2022 by Société Francaise de Toxicologie Analytique et Clinique (972791). It is forbidden and illegal to distribute this document.


https://doi.org/10.1016/j.toxac.2022.03.002
http://www.sciencedirect.com/science/journal/00000000
http://crossmark.crossref.org/dialog/?doi=10.1016/j.toxac.2022.03.002&domain=pdf
mailto:chefirat.bilel@gmail.com
mailto:chefirat.bilel@univ-oran1.dz
https://doi.org/10.1016/j.toxac.2022.03.002

B. Chefirat, A. Zergui and H. Rezk-Kallah

Introduction

According to the World Health Organization (WHO), 3 mil-
lion cases of pesticide poisoning occur annually, leading to
250.000 fatalities annually. Out of the 2 million cases are
suicidal poisonings [1]. These poisonings are a serious public
health problem, especially in developing countries with high
agricultural potential.

The deleterious health effects of OPs have been docu-
mented for decades and have become an increasing environ-
mental concern. Four neurotoxic effects have been linked
to poisoning by OPs: cholinergic syndrome (muscarinic,
nicotinic and central syndrome), intermediate syndrome,
organophosphate-induced delayed polyneuropathy (OPIDP)
and chronic organophosphate-induced neuropsychiatric dis-
order (COPIND) [2]. Although OPs have deleterious effects on
the nervous system, they can also affect other systems and
organs. Respiratory, neurological and cardiac complications
are common, while the pathophysiology of nephrological
damage has not been studied in depth [3].

We report a case of acute poisoning with methidathion
(MD), an organophosphate insecticide, in a patient who pre-
sented with cholinergic syndrome and Acute Kidney Injury
(AKI), successfully treated with pralidoxime combined to
daily sessions of hemodialysis.

Case Presentation

A 25-year-old man farmer with no medical history, was found
unconscious in his home after intentionally ingesting an
unknown amount of a methidathion pesticide (Ultracide®
420¢g/L). On admission to the medical emergency depart-
ment of the University Hospital Center of Oran (UHCO),
through an evacuation from a provincial health sector, the
patient presented with coma (Glasgow coma scale 5/15),
seizures, salivation, excessive sweating, miosis, bradycar-
dia, hypotension, hypoxia and bronchospasm.

The initial management consisted of abundant gastric
lavage which brought back a greenish-blue liquid, orotra-
cheal intubation for mechanical ventilation in controlled
mode, under sedation with Diazepam and analgesia with
Fentanyl, and rehydration with 0.9% isotonic saline. The
diagnosis of acute poisoning with cholinesterase inhibitors
was made based on clinical findings. The patient therefore
received antidotal treatment containing atropine (0.5mg
as a loading dose in slow IV, repeated until atropinisation,
then maintenance dose of 0.02 mg/Kg/h, for 24 hours) and
pralidoxime (400 mg then 1g/8h).

The patient was then transferred to the intensive care
unit, where blood samples were taken to assaying plasma
cholinesterase activity (butyrylcholinesterase or BuChE).
The BuChE was collapsed, thus confirming the diagnosis (127
IU/L for usual values of 4620—11500 IU/L). In addition, a
moderate electrolyte disorder was revealed by the admis-
sion ionogram (slight hypokalemia and hyponatremia) with
no particularities in the hepatic and renal tests (Table 1).

The day after admission, there was a slight neurologi-
cal improvement (reactive pupils, reactivation of the cough
reflex) with a slight increase in BUChE to 1136 IU/L. Diuresis
is less than 500 mL/24 h.

On day 4, the BChE level relapsed to 663 IU/L. The patient
presented with oligo-anuria, hyponatremia, hyperkalemia,
hyperuremia and metabolic acidosis (Table 1) which evolved
to AKI. Daily hemodialysis sessions were thus instituted, with
administration of pralidoxime at the same dose, 2h after
each dialysis session.

On day 5, the patient was conscious and showed clini-
cal and biological improvement with a slight increase in the
BuChE level to 1134 IU/L and then to 1362 IU/L on day 7.

On day 8, the patient was placed under medical super-
vision and benefited from daily hemodialysis sessions with
pralidoxime. The general condition was still stationary and
the BUuChE levels were 1163 IU/L, 1378 IU/L on day 11, and
980 IU/L on day 12 (Fig. 1). Dialysis was continued until day
11 with a control renal assessment performed on day 13.

The evolution was marked by a resumption of renal func-
tion, the correction of the acid-base disorders with slight
hyponatremia (Table 1) and by the complete disappearance
of the muscarinic, nicotinic and central syndromes, with
total recovery after 13 days despite a BuChE always below
the usual values (980 IU/L on day 12). A control assay of
BuChE was performed one week after the patient’s discharge
and returned slightly elevated compared to the last but still
below the usual values (1994 IU/L).

Discussion

Methidathion (MD) is a phosphorothioate-type organophos-
phate pesticide, marketed in different trade names:
Advathion®, Dafathion®, Limacide®, Ultrathion® and
Ultracide® (at a concentration of 420mg/L). It is a highly
toxic compound in view of its LDsy which is 20 mg/kg in rats
by the oral route [4]. The toxic dose in humans is 93 mg/kg
[5]. For an average body weight of 70 Kg, the toxic dose
of MD is 6.51g, which represents only 1.55% of the vial, an
amount that could easily have been reached by our patient.

MD is a cholinesterase inhibitor. Like its OPs analogs,
MD can cause, in case of acute poisoning, the inhibition of
cholinesterases, enzymes responsible for the degradation of
acetylcholine, and leads to an excessive stimulation of the
cholinergic receptors at the level of the autonomic nervous
system, the central nervous system and the neuromuscular
junction. This will leads to the appearance of a muscarinic
syndrome, with a nicotinic syndrome and finally a cen-
tral syndrome [1,6]. Our patient showed a pathognomonic
clinical picture of cholinesterase inhibitor poisoning. The
diagnosis, made according to the clinical signs and anam-
nesis, was confirmed by cholinesterase activity assays. A
collapsed admission cholinesterase level (127 1U/L) con-
firmed acute cholinesterase inhibitor poisoning (Fig. 1).
Cholinesterases constitute a biomarker of effect which is
important for the diagnosis of this type of poisoning. In
addition, it makes it possible to assess the severity of the
poisoning, to validate the use of an antidotal treatment
that regenerates cholinesterases as well as to determine the
effectiveness of the antidotal treatment [7,8].

The antidotal treatment for OPs poisoning is twofold:
atropine to overcome muscarinic stimulation by acetyl-
choline; and pralidoxime, a cholinesterase reactivator which
hydrolysis the enzyme-pesticide bond. Pralidoxime also
acts in synergy with atropine (atropine-like effect) thus
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Table 1 Biological assessment of the patient on admission, on the 4th and 13th day of hospitalization.

Parametres Usual values On admission D4 D3
Kalemia (mmol/L) 3.5-5.1 3.1 6.5 4.2
Natremia (mmol/L) 135—145 129 115 130
Calcemia (mmol/L) 2.25-2.50 2.3 2.3 2.4
Arterial pH 7.38—7.42 7.4 6.8 7.4
Arterial pCO; (mmHg) 38—42 40 27 38
Arterial HCO;~ (mmol/L) 25-27 25 21 26
Plasma urea (mmol/L) 2.5-7.5 4.5 44 6.2
Serum creatinine (wmol/L) 50—115 86 125 92
Aspartate aminotransferase (IU/L) 5—-40 14.66 NIP NIP
Alanine aminotransferase (IU/L) <41 11.83 NIP NIP

In bold: pathological values (outside the usual ranges) NIP: No Information Provided.
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Figure 1.

allowing the dose of the latter to be reduced [6]. Accord-
ing to the United States Environmental Protection Agency
(US EPA), it is recommended to observe the patient, who
has been poisoned with OPs, closely for at least 72 hours to
ensure that symptoms (sweating, visual disturbances, vomit-
ing, diarrhea, chest distress, and abdominal, and sometimes
pulmonary edema) do not recur when atropinization is
stopped. In very severe poisoning by ingested OPs, espe-
cially more lipophilic and slowly hydrolyzed compounds,
metabolic elimination of the toxicant may require up to 5
to 14 days. In some cases, this slow elimination can com-
bine with a profound inhibition of cholinesterase, requiring
atropinization for several days or even weeks [9].

The muscarinic syndrome lasted 48 hours despite the
administration of atropine. Prolonged atropinisation would
have been necessary but this is not the case theoretically
as MD is rapidly metabolised and eliminated from the body.
Data on the biological elimination half-life of MD in humans
are not available in the scientific literature. However, it is
described that the activity of 14C-MD (MD labelled in the
heterocyclic ring), administered to rats at a single dose of

Treatments evolution and cholinesterase activity of the observation.

4mg/kg, is 80% excreted within 96 hours [10]. Therefore, the
profound inhibition of cholinesterases could be explained by
other factors.

Nicotinic syndrome has been treated with pralidoxime, a
pharmacodynamic antidote that reactivates cholinesterases
inhibited by the pesticide. However, OPs poisoning with two
methoxy groups, such as malathion and dimethoate, is gen-
erally considered to be rather resistant to the oxime. In
this case, dimethyl-BuChE is reactivated more slowly than
dimethyl-AChE [11]. The chemical structure of MD with two
methyl groups could explain the slow reactivation of BuChE
by pralidoxime. The AChE assay would have been interesting
for this case because it would have made it possible to com-
pare the regeneration kinetics of the 2 types of enzymes
and thus to see whether it is not a preferential inhibi-
tion of BUChE, a property recognized for some pesticides.
This possibility remains very plausible because the patient
has improved clinically in parallel with a low BuChE and
it is known that AChEs are a better reflection of the neu-
rological state during acute OPs poisoning. Indeed, Worek
and colleagues report in their study that determining the

123

© 2022 Elsevier Masson SAS.All rights reserved. - Document downloaded on 18/05/2022 by Société Francaise de Toxicologie Analytique et Clinique (972791). It is forbidden and illegal to distribute this document.



B. Chefirat, A. Zergui and H. Rezk-Kallah

activity of BuChE for the diagnosis and therapeutic mon-
itoring of this type of poisoning may not give reliable
information on the status of AChE [11].

The success of oxime treatment is also conditioned by
other factors: the continued presence of high concentra-
tions of inhibitor in the plasma, ageing and the generation
of phosphorylated oximes (POX) [12].

The first depends on the dose and pharmacokinetics of
the inhibitor: the pharmacokinetics of MD do not present any
particularity that could explain the oxime resistance. MD is
well absorbed by all routes of exposure, oral, mucocuta-
neous and respiratory, due to its lipid-solubility. It is rapidly
distributed throughout the body and crosses the blood-brain
and placental barriers. To be active, MD, which is a sulphur
derivative, undergoes oxidative desulphurisation to form an
oxon, whose phosphoric ester functions are then hydrolysed
by esterases. MD is rapidly excreted mainly in the form of
carbon dioxide and urinary metabolites of low toxicity [13].

It could be suggested that MD, due to the fat-soluble
character of OPs, has formed a deep compartment with
a possible redistribution phenomenon described for some
highly fat-soluble OPs, which consists in the re-circulation
of OPs stored in the adipose tissue, which could explain the
prolonged intoxication and clinical relapse after apparent
recovery [14]. MD does not apparently belong to this group
of highly fat-soluble pesticides, given the value of its low
octanol-water partition coefficient, expressed in Log Pow,
which is 2.42 (the fat-soluble qualification limit is 3) [15,16].

However, Zoppellari and colleagues, in their MD intoxica-
tion case report, referred to a probable redistribution of the
pesticide from fat to blood, responsible for a deterioration
of the patient’s clinical condition on day 5 of the intoxication
with an increase in plasma and urine levels of the pesticide
[17]. This is also the opinion of Kim and colleagues, who
report that MD has a relatively high solubility in fat and a
very high apparent volume of distribution throughout all the
body. Consequently, the redistribution of MD from fats to the
blood can occur when plasma levels decrease [18].

In addition, it should be noted that the supposedly
ingested dose is considered to be very high in our patient as
indicated above and could lead to a variation in the kinetic
profile (metabolites can be detected in the urine for sev-
eral weeks) and thus limit the effectiveness of the antidotal
treatment with 2-PAM [19].

The second factor is ageing, a phenomenon resul-
ting from the monodealkylation of dialkoxyphosphorylated
cholinesterases. The aged enzyme does not reactivate either
spontaneously or under the action of oximes, and the recov-
ery of the enzyme activity depends on the de novo synthesis
of the enzyme [20].

Compounds with  both methoxy side chains
appear to age more rapidly than the corre-
sponding ethoxy side chain inhibitors, and MD is
one of these methoxy compounds [IUPAC name:

n3-(dimethoxyphosphinothioylsulfanylmethyl)-5-methoxy-
1,3,4-thiadiazol-2-one], which may counteract effective
reactivation by oximes. Thus, the effect of MD on
cholinesterase inhibition is long-lasting, especially at high
doses [12,18].

This resistance to reactivation has been attributed to two
possible mechanisms. The first is a change in the conforma-
tion of the inhibited enzyme induced by ageing, making it

more stable. The second can be attributed in part to the
electrostatic repulsion by the aged ChE of the oxime by
the negatively charged oxygen of the P-O- and the adjacent
negatively charged group Glu-199 [21].

The ability of oximes to reactivate inhibited
cholinesterases is clearly limited by the inevitable for-
mation of phosphorylated oximes (POXs) with strong
anticholinesterase activity. However, POXs do not appear
to be very stable in plasma and are rapidly destroyed by a
POX-hydrolase. The variation in POX-hydrolase activity may
also contribute to the variable response to oxime therapy
in patients with OPs intoxication [22].

With regard to renal disorders caused by intoxication,
the patient presented since admission early signs of acute
functional renal failure (pre-renal) due to hypovolaemia
caused by extracellular dehydration (salivation, excessive
sweating). This resulted in hypotension associated with
bradycardia and a moderate electrolyte disorder. There was
also oliguria during the first 3 days of hospitalization (diure-
sis <500 mL/24h).

On day 4, the patient is oligo-anuric (diure-
sis <100 mL/24 h), the blood is low in sodium (115 mmol/L),
high in potassium (6.5 mmol/L), acidic (pH 6.8), and highly
concentrated in urea (44mmol/L). Salt and water reab-
sorption in the proximal tubule is accompanied by passive
reabsorption of urea, which explains the greater increase in
plasma urea than creatinine (125 wmol/L) during functional
AKI. As a metabolic consequence, a metabolic acidosis has
developed with a decrease in bicarbonate (21 mmol/L),
associated with a compensatory decrease in carbon dioxide
partial pressure (27 mmHg) and arterial pH (6.8). Daily
haemodialysis sessions were then performed.

The pathophysiology of this OPs-induced AKI is hypothet-
ical. Several mechanisms are assumed: (1) An accumulation
of reactive oxygen species (ROS) induced by oxidative stress,
generated by the metabolites of OPs in the kidneys and caus-
ing histopathological damages [23]. (2) Direct damage to the
renal tubules due to high intratubular concentrations of OPs
metabolites [24]. These concentrations have been demon-
strated in subjects who died following acute OPs poisoning
[25]. (3) Increased myoglobinuria due to rhabdomyolysis
[26]. (4) Hypovolaemia due to dehydration [27].

Concerning the type of renal lesions, Sulak et al. per-
formed a histopathological examination of kidney biopsies
after oral administration of MD to adult male Wistar albino
rats at a dose of 5mg/kg body weight. Glomerular sclerosis,
vascular congestion and fibrosis, and focal tubular necrosis
were seen extensively. In addition, hydropic degeneration
of tubular epithelial cells and severe interstitial infiltration
of mononuclear cells were observed.

The suggested molecular mechanism of action was
increased formation of malondialdehyde inducing lipid per-
oxidation or a possible increase in ROS induced by MD [28].

It is important to note that the effects of other com-
ponents of the Ultracide® commercial product on the
kidney have not been evaluated. These are phosphoric
acid (<25%), sulphamic acid (<10%), fatty alcohol A 6 OE
(<10%), alpha-isomethyl-ionone (<1%), diphenyl ether (<1%),
benzyl salicylate (<1%), alpha-methyl ionone (<1%) and beta-
methylionone.

According to scientific literature, AKI secondary to
acute OPs poisoning has been successfully treated with
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hemoperfusion and hemodialysis sessions combined with
antidotal therapy, including pralidoxime. Early and repeated
haemoperfusion is an effective treatment for OPs poisoning.
It eliminates the fat-soluble poison bound to plasma proteins
[29]. Hemodialysis is necessary for AKI due to acute OPs
poisoning. It minimizes the harmful effects of OPs on the
kidneys. However, Kim and colleagues found that hemop-
erfusion was not effective in removing MD from the body
and does not provide real clinical benefit to the patient,
due to its very high fat solubility and apparent volume of
distribution [18].

Moreover, it has been suggested in this case that the
kidney injuries are due to possible nephrotoxicity of prali-
doxime, especially since high maintenance doses (1g every
8 hours) were kept for 13 days. It is known that pralidoxime
is a relatively non-toxic drug, and cases of its toxicity are
rare. In healthy volunteers, dizziness, diplopia, headache,
tachycardia and blurred vision may occur with overdose. No
nephrotoxic effects have been described in the scientific
literature [30]. The role of pralidoxime in the renal dis-
orders occurring in the patient is therefore nil. However,
pralidoxime should be used with caution in patients with
renal impairment and dose reduction is necessary [31]. This
is what was concluded in the experimental study by Kay-
ouka and colleagues which was carried out in male Sprague
Dawley rats. The elimination of pralidoxime in AKI, induced
rats by administration of potassium dichromate, is signifi-
cantly impaired with a doubling of the plasma elimination
half-life, a tripling of the area under the curve (AUCq.15
mn) and a significant reduction in clearance. From a clinical
point of view, these results suggested that the pralidoxime
dosing regimen should be adjusted in patients with OPs poi-
soning and impaired renal function, particularly when the
pralidoxime regimen is high [32] which was the case with
our patient.

Conclusion

OPs are known neurotoxics, they also remain redoubted for
their nephrotoxic effects requiring adequate clinical and
biological monitoring. This was shown in the present case,
which developed an AKI following voluntary intoxication
with methidathion.

Cases of AKI are described in the literature in relation
to poisonings by different OPs (dimethoate, quinalphos,
methamidophos, chlorpyrifos, diazinon, methyl-parathion)
but the pathophysiology of this AKI remains poorly
elucidated. In addition to symptomatic and basic anti-
dotal treatment, extracorporeal purification techniques
(plasmapheresis, haemodialysis, haemofiltration) seem to
counteract the toxic effect of OPs on the kidneys by
maintaining the acid-base balance. However, Randomized
Controlled Trial (RCT) studies of dose adjustment of prali-
doxime in situation of Kidney Injury are necessary to
establish good management guidelines.
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