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Abstract: Since oxidative stress markers are increased in Organophosphates (OPs) toxicity, the efficacy of the
antioxidant N-acetyl-L-cysteine (NAC) as an adjunct therapy to atropine and pralidoxime for acute OPs toxicity
was evaluated. Twenty-four adult subjects with acute OP toxicity were included m a randomized single blind
controlled trial on the use of intravenous NAC. Among included subjects, twelve were randomized to receive
NAC and the rest did not receive NAC. The results showed that the needing to atropine but not pralidoxime
was reduced mn NAC group. The duration of hospitalization was reduced in the NAC group. Addition of NAC
to current treatment protocol of acute OPs poisoning is recommended.
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INTRODUCTION

Organophosphate (OP) compounds
cholinesterase inhibiting chemicals used mainly as
pesticides and nerve agents. They are the most widely
used pesticides today and the most common cause of
pesticide poisomng than any other chemical class of
pesticides in Iran (Shadnia et al., 2007a). It 1s estimated
that the incidence of pesticide poisonings in developing
countries has doubled during the last decade of
nineteenth century (WHO, 1997), so that OPs have been
reported as the third most common cause of poisoning
and one of the principal causes of poisoning-related
mortality in Iran (Shadma et af., 2007a;, Moghadamnia and
Abdollahi, 2002).

Ther mam mechamsm of toxicity 1s mhibition of
Acetylcholinesterase (AChE) resulting in an accumulation
of the newotransmitter acetylcholine and the continued
stimulation of acetylcholine receptors. Thus, the goal of
treatment of OP toxicity 15 to block the cholinergic
stimulation that is usually achieved by administration of
high doses of atropine and the use of oximes as an
enzyme reactivator. Imbalance of the other
neuwrotransmitters including Gama Amino Butyric Acid
(GABA) or catecholamines are involved in OP
potsoning (Gupta, 2006). Among all pathogenic elements,
oxidative stress has been under attention of many
studies in the recent years (Abdollalu et al, 2004,
Soltaninejad and Abdollahi, 2009; Soltaninejad et al.,
2007; Teimouri et al., 2006).

are

Glutathione (GSH) as a ubiquitous thiol-contamning
tripeptide 18 mvolved in numerous processes which are
essential for normal biological functions, such as
detoxification of electrophulic xenobiotics and free-radical
scavenging. Considering induction of oxidative stress by
OPs, several studies proposed that a drug like N-acetyl-I.-
cysteine (NAC) which could increase the GSH content
and act as a reductant, would improve the tolerance to OP
toxicity (Pena-Llopis et af., 2003a, b). Owr previous study
indicated that admimstration of NAC i rats with
subchromc exposure to diazinon has beneficial effects in
reactivation of AChE and reversal of oxidative stress
biomarkers (Shadma et of., 2007a). Also, since respiratory
failure is one of the common demonstrations of OPs
poisoning and regarding known efficacy of NAC and
other antioxidants i management of lung disorders, we
expected to see positive effects of NAC i OP poisoning
(Mousavi et al., 2010, Soltan-Sharifi et al., 2007). Thus in
the present study, we amed to examme how
admimstration of NAC as an adjunctive may decrease
toxicity of OP in intoxicated patients.

MATERIALS AND METHODS

This study was a randomized single blind clinical trial
which was conducted in the Intensive Care Unit (ICU) of
Loghman Hakim Hospital Poison Centre (LHHPC) overa
12-month period.

Adult patients (212 y/o) with confirmed acute OP
toxicity and no history of diabetes, cardiovascular,
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respiratory, renal and hepatic failure and no advanced
medical management for OP poisoning in any medical
centre before admission i LHHPC were recruited in the
study. A written informed consent obtammed from their
attending relative. Establishment of the diagnosis in all
cases was based on the history of exposure, clinical
manifestations and other circumstantial evidence such as
availability of a poison bottle or a label found by the
relatives that brought to hospital. Plasma Cholinesterase
(PChE) level was used to confirm the acute exposure to
OPs and as a measwe of severity of poisomng on
admission.

On admission, a full history and examination were
carried out. Venous bleod samples were obtained for full
biochemistry analyses. Patients were randomly assigned
(1 to 1 patient) to either NAC as adjunctive treatment to
parenteral atropine and pralidoxime or control to receive
the routine treatment for acute OP toxicity which consists
of parenteral admimistration of atropine and pralidoxime.

NAC was obtained as 10 mL ampoules contaiung
20% w/v NAC from hospital pharmacy. NAC was given
by intravenous (iv) infusion at a dose of 140 mg kg™ as
a loadmg dose and then followed by 70 mg/kg/4 hfor
17 doses, as the safety of this regimen of NAC therapy
has been proven in the acute and or complicated
acetaminophen poisoning (Pajoumand et al., 2003).

Atropine and pralidoxime were admimstered as
standard protocols (Aaron, 2007). All the patients
received gastric decontamination and supportive and
conservative treatments by the same medical personnel of
ICU. The patients were followed until discharge from the
hospital or death.

The patients” information including gender, age,
therapeutic interventions, laboratory tests and PChE and
outcome from the medical records were collected. Data
were kept confidential in all stages of the study. A
detailed multiple variable database was formed and data
were analyzed with StatsDirect software and expressed as
Mean+SD for numerical or as frequency for categorical

variables. Chi-Square test was used for statistical
comparison of qualitative variables. The normal
distribution of quantitative variables was tested by
Kolmogorov-Smirnov test. The statistical comparison was
done with Mam-Whitney U-test for nonparametric
variables and independent student t-test for parametric
variables. The p-values of 0.05 or less were considered to
be statistically significant. Primary outcome measures
were: the extent of needing to atropine and pralidoxime.
Secondary outcome measwes included dwration of
hospitalization and mortality rate. The protocol of the
study was approved by the Regional Ethics Committee.

RESULTS

During the study period, 24 patients with acute OP
toxicity (15 mer, 9 women), with the meanage of 31.1+15.8
years (median 28 years, range 14-90 years) were studied.
Of these, 12 patients were randomized to receive NAC
beside routine treatments and 12 received just routine
treatments without NAC. There was no difference
between 2 groups regarding age and sex of the patients
(Table 1). In all of the patients, the cause of acute
poisoning was intentional oral ingestion of OPs. There
was no statistical difference between the mean of PChE
level (KU L™" in treatment (326.5+101.3) and control
(340.3492) groups on admission time. The levels of
activity of PChE were in the normal range on the time of
discharge in both groups (Table 1). The duration of
hospitalization in treatment and control groups were
2.7£1.1 and 5.3+2.2 days, respectively (p = 0.003, Table 1).
NAC treatment decreased duration of hospitalization to
50.9% of control group. The mean of atropine dose per
day of hospitalization was 9.1+7.2 and 38.9428 8 mg in
treatment and control groups, respectively (p = 0.002).
Treatment with NAC decreased the rate of atropine
needing to 23.4% of control group. Although, no
significant difference was observed between the total
doses of pralidoxime that was administered in 2 groups
(p=0.81) (Table 1).

Table 1: Demographic and outcome measures of patients received or not received NAC

All patient (n = 24)

Treatment group (n=12)

Control group (n =12)

Parameters Mean+SD (Range) p-value
Age (Year) 32.1£15.8 (14-90) 27.6£11.8 (15-52) 34.6+18.8 (14-90) 0.16
Sex
Male 15.0 8.0 1.00
Fernale 9.0 4.0
Plasma cholinesterase activity 333.4204.9 (135-540) 326.5¢101.3 (211-540) 340,392 (135-475) 0.73
(normal = 1900-3500 KUL™Y)
Mean daily dose of atropine (mg) 24.0+25.6 (2-96) 9.1£7.2% (2-28) 38.9+28.8 (4-96) 0.002
Total dose of pralidoxime (g) 9.2+4.8 (2-20) 8.9+4.5 (2-16) 9.4+5.3 (2-20) 0.81
Duration of hospitalization (day) 4.0+2.2(1-9) 2.741.1% (1-5) 53+2.2(2-9) 0.003
Outcome
Survived 19.0 8.0 0.32
Non-survived 5.0 4.0

Data are Mean+SD. *The difference between treatment and control groups is statistically significant
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The mortality rate was 20.8% (5 of 24 cases), with 1
fatal case in the treatment group and 4 fatal cases in the
control group. Although, treatment with NAC caused a

decrease 1n the rate of mortality but it was not statistically
significant (p = 0.32) (Table 1).

DISCUSSION

This study evaluated the effects of NAC as an
adjunct therapy to atropine and pralidoxime for the
treatment of acute OPs toxicity. The results indicate that
NAC has beneficial effects in the treatment of acute OPs
toxicity evidenced by reduction in the mean atropine dose
per day and duration of hospitalization. This is supported
by our recent ammal study which mdicated benefit of
NAC m diazinon-induced toxicity (Shadma et al., 2007b).

Regarding the potential of OPs in inhibition of
carboxylic ester hydrolases within the body, the most
prominent chnical mamfestations 1 acute and or chronic
toxicity result from the inhibition of ChE (Aaren, 2007,
Pajoumand et al., 2004; Shadnia et al., 2009) but oxidative
stress is another main mechamsm of action of OPs that
leads to depletion of antioxidant reservoirs and also ChE
mhibition (Shadma et al, 2005, Soltaninejad and
Abdollahi, 2009) and can be cause of further
consequences  like  hyperglycemia  (Rahimi and
Abdollatu, 2007). Therefore, NAC by increasing
mtracellular glutathione levels and direct scavenging of
reactive oxygen species causes its benefit. In explanation
of cellular mechamsms, it is known that muscarinic
acetylcholine receptors regulate cellular responses
through calcium release from mtracellular stores and thus
accumulation of the newotransmitter acetylcholine and
continued stimulation of muscarinic receptors may result
in metabolic calcium disorders. Intracellular hypercalcemia
may facilitate formation of oxidative stress, which may
inactivate the thiol-dependent calcium pump, which in
tum, aggravates the hypercalcemia (Karami-Mohajeri and
Abdollahi, 2010). Therefore, NAC likely by reducing
oxidative stress ameliorates the signaling pathways
related to muscarinic receptors and thus decreases the
needing to atropine.

As shown in the present study, NAC had no effect
on the total amount of pralidoxoime. This can be explained
by the fact that in intoxicated patients on admission time,
their PChE were already scavenged by the OPs and some
were mhibited ureversibly.

Considering the high mortality rate and high
expenses of admission in hospitals in OP-intoxicated
cases in one hand (Abdollahi et al., 1999) and the low
price and availability of NAC (Nikfar et af., 2011) as well
as 1its remedial effects i improvement of OPs toxicity on
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the other hand, it can be concluded that adding NAC to
current treatment protocol of acute OP toxicity in human
may confer benefit in management of OP poisomng. Of
course, small sample size was an mevitable limitation of
this study and thus performing a multicentre randomized
clinical trial to evaluate the exact role of this novel
treatment m larger group of patients 1s recommended.
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