
 

 

Mansoura J. Forens. Med. Clin. Toxicol., Vol.26, No. 1, Jan. 2018 

 

65 

 

Evaluation of Reactivation of Inhibited Acetyl 
Cholinesterase Enzyme in Patients Intoxicated With 
Organophosphorus Insecticide 
 
Alsayed Magdi Alsayed Farahat1, Magdy Abdel-Hai Ismael2,  Sherif Fahmy Mahmoud2, 
Abdel Aziz Abu El- Fotouh Ghanem3 

 

 ABSTRACT 

KEYWORDS  
Organophosphorus, 
Oxime, 
Mansoura, 
Damietta. 

Pesticides are a large and heterogeneous group of chemicals which have long been 
used to control and repel pests in different fields.The organophosphates are the most 
widely used pesticides in industry, agriculture and houses. This study intends to 
evaluate the effectiveness of obidoxime therapy for reactivation of cholinesterase 
enzyme and its correlation with severity of poisoning among organophosphorus 
poisoning cases presented to Mansoura  poisoning control unit (received  oxime as aline 
of therapy) and Damietta general hospital, (did not received oxime as aline of therapy) 
during the period from 1st March 2015 to the end of February 2017. A total number of 
303 patients presented with acute anticholiesterase poisoning (150 in Damietta and 153 
in Mansoura Emergency Hospital). A total of 250 cases were diagnosed to be 
organophosphorus by TLC {112 in Damietta and 138 in Mansoura emergency hospital} 
and only 200 of them were included in this study according to exclusion criteria. Data 
on evaluation of obidoximes in treatment of organophosphorus (OP) poisoning 
incorporating the maximal clinical parameters and comparing the two groups in an 
unbiased manner, revealed that the use of obidoximes decreased the required dose of 
atropine and duration of hospital stay when compared with atropine alone. It is clear 
that there may be potential benefit from oximes as acetyl cholinesterase (AChE) 
activity is clearly increased by treatment.  

 
Introduction  
 

Pesticides are a large and heterogeneous 
group of chemicals which have long been used 
to control and repel pests (Mostafalou  and 
Abdollahi, 2016). These compounds can affect 
mammalian systems by inhibiting 
acetylcholinesterase at the synapses and 
muscular junctions, which may result in 
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hypercholinergic preponderance. Apparently, 
the mechanisms causing brain, muscle or other 
organ damage by organophosphorus (OP) are 
mostly related to a change in oxidant-
antioxidant balance, which in turn results in 
free radical-mediated injury, as supported by 
many studies (Abdollahi et al., 2004; Rahimi et 
al., 2006; Jamshidi et al., 2009; Mohammadi et 
al., 2011; Saadi and Abdollahi, 2012).   

A WHO task group has lately estimated 
that the incidence of pesticide poisoning may 
rise to three million cases and result in more 
than 250,000 deaths  (World Health 
Organization, 2015). Most of these deaths 
follow a deliberate self ingesion particularly in 
young productive age group (World Health 
Organization, 2004).  
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Medication for OP poisoning consists of 
high-dose intravenously administered atropine 
to temporarily block these cholinergic effects 
plus an oxime  to restore the activity of the 
acetylcholinesterase enzyme. There is no clear 
evidence of  benefit from oxime therapy in OP 
poisoning (Buckley et al., 2011). Atropine 
therapy is known to improve outcome 
(Eddleston et al., 2008; Blain, 2011). The 
reviewers found that there is no enough 
research to see whether oximes are actually 
effective or to define the doses that are more 
likely to be helpful. More research is needed 
before any firm conclusions can be drawn. 
Notably, research studies addressing  the 
effectiveness and safety of the administration 
of oximes in acute organophosphorus 
pesticide-poisoned patients  are still lacking. 
That is why the current study was conducted.  

The present work was conducted to 
evaluate the effectiveness of obidoxime therapy 
for reactivation of cholinesterase enzyme and 
its correlation with severity of poisoning. 

 
Subjects and Methods 
 

The present study is a case control study 
carried on 3 groups during the period from 1st 
March 2015, to the end of February 2017:  
Group I: included one hundred patients 

admitted to Damietta General 
Hospital, Damietta, Egypt and 
presented with acute 
organophosphorus poisoning and did 
not received oxime as a line of 
therapy. 

Group II: included one hundred patients 
admitted to Mansoura  Poisoning 
Control Unit, Mansoura University, 
Egypt, presented with acute 
organophosphorus poisoning who 
received  oxime as a line of therapy. 

Group III: included one hundred healthy 
volunteer with no previous history of 
organophosphorus poisoning (re-
latives of the subjects). 

Inclusion criteria were age: 5-60 years 
and patient intoxicated with organophosphorus 

compound (confirmed by TLC). Exclusion  
criteria were; anaemia, neurological diseases, 
patients with the history of consumption of any 
compound other than OPCs and refered cases 
previously treated in another hospital . 

Their personal and medical data was 
recorded in a special observation sheet. Clinical 
outcome, pseudocholinesterase level, and true 
cholinesterase level were assessed on 
adimission for both group I and group II  
together with assessment of  both pseudo-
cholinesterase and true cholinesterase levels for 
the control group. Stomach contents were 
collected from patients of test groups.  

Clinical severity was categorized 
according to Peradeniya organophosphorus 
poisoning (POP) scale. Accordingly patients 
were grouped into mild (POP score 0-3), 
moderate  (POP score 4-7)  and severe 
poisoning (POP score 8-11) (Senanayake et al., 
1993). 

 
Methods: 

1-Thin-Layer Chromatography (TLC) 
according to Jaiswal et al. (2008) for 
diagnosis of organophosphorus intoxication 
and exclusion of other pesticide. 

(A) Chemicals' preparation 
i. Standard solution: 1000 µg solution of 

malathion in acetone was prepared by 
dissolving 0.1 gm of known malathion 
standard in 100 ml acetone. 

ii. Visualising reagent: 0.5 gm of palladium 
chloride was dissolved it in 100 ml of 
water & then acidified upto pH 3,  by 
using drops of concentrated hydrochloric 
acid. 

iii. Preparation of  TLC  tank: A rectangular 
glass chamber (29x9.5x27cm) with an 
airtight lid was perfectly saturated with 
vapours of solvent system for 20-30 min 
by putting a filter paper in three walls of 
TLC chamber. The spotted plate was 
inserted and sealed to maintain airtight 
environment. 

(B) Extraction from stomach contents: 
Twenty milliliter of stomach contents 

from a volunter were spiked with 6 ml of 
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malathion and kept in incubator overnight. It 
was mixed with 20 ml of 10% sodium tungstate 
solution and 30 ml of 1 N. Sulphuric acid (6.9 
concentrated sulphoric acid and dilute it to 250 
ml water), shaken for two minutes and then 
filtered. The residue was washed twice by 30 
ml of 0.1 N sulphuric acid. The washings were 
collected and mixed with the filtrate, 
transferred into a separating funnel and 
extracted thrice with 40 ml portions of n-
hexane. The hexane layers were combined, 
passed through anhydrous sodium sulphate and 
the solvent was removed by evaporation. 
 
C) Procedure 

The extracted sample along with the 
standard sample was spotted on the TLC plate 
(20 µl). The spots were allowed to dry and 
spotted plate was developed with solvent 
system acetone : benzene (70:30). 

The plate was allowed to dry and then 
spots were viewed using the palladium 
chloride, visualising reagent. 
There were different spots from different 
pesticide visualised in some samples. 

2-Pseudocholinesterase estimation according 
Waber (1966). 

3-True cholinesterase level according to 
Ellman et al. (1961). 

 
Statistical Analysis: 
 

Data entry and analysis was performed 
using SPSS statistical package version 20 
(SPSS, Inc., Chicago, IL, USA). The 

quantitative data was presented as mean ± 
standard deviation if equally distributed and 
presented as median if unequally distributed. 
The samples were analyzed for normality of 
distribution by Kolmogorov-Smirnov test. The 
qualitative data was presented as number and 
percentage. 

Chi-square test was used to compare the 
difference in nominal and ordinal data between 
the three studied group. Mann-Whitney test 
was used to compare median values of the 
three studied groups, student t- test was used to 
compare mean values between group I and II 
patients. Wilcoxon Signed Ranks Test was 
used to compare the change of true 
cholinesterase and pseudo-cholinesterase levels 
over time in group I and II patients. The 
accepted level of significance in this work was 
stated at 0.05, (p<0.05 was considered 
significant). 

 
Results 
  

A total of  303  patients presented with 
acute anticholiesterase poisoning (150 from 
Damietta and 153 from Mansoura Emergency 
Hospital). A total of 250 cases were diagnosed 
to be organophosphorus by TLC {112 from  
Damietta and 138  from Mansoura Emergency 
Hospital} and only 200 of them were included 
in this study according to exclusion criteria    

Clinical evaluation of patients in the two 
treatment groups according to Peradeniya 
Organophosphorus Poisoning (POP) Scale are 
summarised in table (1).  
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Table (1): Severity of organophosphorus poisoning among the two tested groups according to 
Peradeniya Organophosphorus Poisoning (POP) Scale (n: 200). 

Parameters Scale 
Group I 
(n=100) 

Group II 
(n=100) 

p value (Chi-Square 
Test) 

0 34 25 

1 52 64 Pupil size 

2 14 11 

.226 

0 38 34 

1 49 52 Respiratory rate 

2 13 14 

.840 

0 91 95 

1 7 3 Heart rate 

2 2 2 

.430 

0 52 59 

1 46 35 
 

Fasciculation 
 2 2 6 

.140 

0 77 71 

1 14 24 
Consciousness 

level 
2 9 5 

.134 

0 94 92 
Seizures 

1 6 8 
.391 

Mild (0-3) 77 75 

Moderate  
(4-7) 

22 24 Total score 

Severe (8-11) 1 1 

.945 

n: number , Group I: Damietta, Group II: Mansoura. 
  

Statistical analysis for the difference 
between the pseudo-cholinesterase levels at the 
time of presentation of  the two studied groups 
I & II showed no significant difference (p value 

= 0.146),  groups I & III and groups II & III 
showed significant difference with p value = 
0.001 as demonstrated in table (2). 
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Table: (2): Pseudo-cholinesterase level in the studied groups (n=300). 

 Group I 
(n=100) 

Group II 
(n=100) 

Group III 
(n=100) 

Median 1315.00 1515.00 6451.00 Pseudo-cholinesterase at the time of 
presentation Range 124.00-2720.00 300.00-2843.00 3086.00-7973.00 

Mann Whitney test (groups  I & II) 0.146 

Mann Whitney test (groups I & III) 0.001 

Mann Whitney test (groups  II& III) 0.001 
 
Statistical analysis for the difference 

between the true-cholinesterase levels at the 
time of presentation of  the two studied groups 
I & II; groups I & III and groups II & III 

showed significant difference with p value = 
0.002; 0.001and 0.001respectively as 
demonstrated in table (3). 

 

Table (3): True-cholinesterase level in the studied groups (n=300). 

 Group I 
(n=100) 

Group II 
(n=100) 

Group III 
(n=100) 

Median 4.30 5.30 8.84 True-cholinesterase level 
(IU/L) Range 1.30-7.90 1.20-8.20 7.14-10.1 

P value (Mann-Whitney test) (groups I &II) 0.002 

P value (Mann-Whitney test) (groups I &III) 0.001 

P value (Mann-Whitney test) (groups II &III) 0.001 
Group I: Damietta, Group II: Mansoura, Group III: normal population. 
  

Statistical analysis for the difference 
between Endotracheal intubation and 
mechanical ventilation for the two test groups 
showed no significant difference (p value = 
0.519). As regard  atropine dose, statistical 
analysis for the difference between the two test 
groups showed significant difference  (p value 

= 0.001). As regard hospital stay, significant 
difference was detected between the two test 
groups (p value = 0.001). Meanwhile, outcome 
of treatment showed no significant difference 
(p value = 0.329) between the two test groups 
(Table 4). 
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Table (4): Statistical analysis of the difference in the hospital management (n=200). 

 Group I 
(n=100) 

Group II 
(n=100) 

P value 

Present  28 24 Endotracheal 
intubation and 
mechanical ventilation Absent  72 76 

0.519 

Median 150.00 73.50 
Atropine dose in mg. 

Range 
40.00 
399.00 

15.00 
396.00 

0.001* 

Median 9.0000 5.00 
Hospital stay(days) 

Range 
2.00 

45.00 
2.00 

45.00 

0.001* 

Survival without 
endotracheal intubation 

72 76 

Survival with endotracheal 
intubation 16 18 

Outcome (number of 
patients)  

Death 12 6 

0.329 

n: number, Group I: Damietta, Group II: Mansoura.   
 
Discussion 
 

Current therapy for OP poisoning 
requires resuscitation with the use of oxygen 
and atropine, followed by administration of an 
oxime (such as obidoxime) to reactivate 
AChE, plus benzodiazepines to mitigate 
neurological impairment (Ballantyne and 
Marrs, 1992 ; Bird, et al., 2003; Eddleston et 
al., 2004; Eddleston et al., 2005; Sivilotti et 
al., 2006). 

The present study revealed marked 
reduction of serum pseudocholinesterase on 
admission in each of the tested groups, with 
no significant difference between both 
groups. There was decrease in serum 
pseudocholinesterase activity in OP poisoning 
cases when compared to controls as previosly 
reported by Sozmen et al. (2007) and Gazzi et 
al. (2014). 

Also, the study revealed marked reduction 
of true-cholinesterase levels on admission in 
each of the test  groups, with significant 
difference between both groups and there was  
fall in true-cholinesterase activity in OP 
poisoning cases when compared to controls a 
logical finding that was reported also by Balali-
Mood and Shariat (1998). 

The study revealed no significant 
difference between the two studied groups 
regarding peradeniya OP poisoning (POP) scale.  

Peradeniya Organophosphorus Poisoning 
(POP) scale was calculated for all patients on 
admission. Both groups included nearly equal 
number of mild cases (77%) of group I and 
(75%) of group II and moderate cases (22%) of 
group I and (24%) of group II, and  sever cases 
only (1%) of both groups with no significant 
statistical difference between the two groups. 
This is in accordance with Banerjee et al. (2014).  
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Regarding to the pupil size, respiratory 
rate, heart rate, conscious level changes, 
fasciculations and seizures, there was no 
significant statistical difference between two 
groups. Similar findings were observed by 
Shah Harsh et al. (2012) and Banerjee et al. 
(2014). 

Efficacy outcome in either group was 
analyzed through mortality, requirement for 
ventilator support, atropine dose and the 
duration of stay in hospital (in days). In 
relation to hospital management, the study 
revealed significant difference between the 
two studied  groups regarding patient’s 
atropine dose and hospital stay. 

As regard atropine dose, patients on 
obidoximes therapy (group II), required less 
atropine doses. This findings is in agreement 
with  Pawar et al. (2006), who showed that a 
high-dose regimen of pralidoxime reduces the 
total dose of atropine needed, but disagrees 
with Balali-Mood and Shariat (1998) who 
found that patients on obidoximes, 
pralidoxime therapy required more atropine 
doses. 

Chugh et al. (2005)  found that there 
was no statistical difference between the two 
groups “Atropine Alone” and “Atropine with 
Pralidoxime (PAM)”  regarding atropine 
requirements, total amount of atropine used 
and its duration. This may be  due to 
difference in cholinesterase reactivator used 
in both studies. 

In addition, atropine requirement of our 
patients was low in obidoximes therapy 
(group II) due to reactivation of inhibited 
acetyl cholinesterase enzyme. This findings is 
in accordance with Thiermann et al. (2009) 
who found that atropine requirement  (<0.01 
mg/ kg /h) when true choline esterase was 
>10% growed rapidly at true choline esterase 
<10%. 

Atropine dosage regimen for acute OP 
poisoning in adults has never been studied in 
a randomized, controlled trial, and there is 

considerable variation in textbook 
recommendations. The most important end-point 
for adequate atropine therapy is clear lung 
secretions and reversal of the muscarinic toxic 
syndrome  (Howland, 2011). Reducing the dose 
of atropine is an important clinical issue as its 
administration in high doses is frequently 
associated with dangerous adverse health effects. 

The current study revealed  significant 
difference between the two studied groups 
regarding the duration of hospital stay. Length of 
hospital stay  decrease in the  group II when 
compared to group I. The mean stay in hospital 
recorded in the report of the Emerson et al. 
(1999) study of 69 patients between 1987 and 
1996 in Western Australia was 7 days (1-25 
days). 

The current study disagrees with Duval et 
al. (1991);  Chugh et al. (2005); Eddleston et al. 
(2009) and Banerjee et al. (2014) who found that 
there was no statistical difference between the 
two studied groups “Atropine Alone” and 
“Atropine with Pralidoxime (PAM)”  regarding 
length of hospital stay. This is probably due to 
the difference in the type of cholinesterase 
reactivator. 

In relation to outcome, the number of 
survived patients who needed endotracheal 
intubation and mechanical ventilation were 
nearly equal in both groups with no significant 
statistical difference between two groups.  This 
is in comparison with Tilottama et al. (2016). 
The survival rate in OPC poisoning requiring 
mechanical ventilation varied between 13% and 
50% in a variety of settings (Bardin et al., 1987; 
Rajapakse and Wijesekera, 1989; Yen et al., 
2000; Abedin et al., 2012). 

Regarding patients needed ventilation were 
nearly equal number with no significant 
statistical difference between two tested group. 
This is in accordance with Banerjee et al. (2014). 
However, Peter et al. (2006) and Rahimi et al. ( 
2006) observed that there was no beneficial 
effect of oximes in reducing ventilator 
requirements. Moreover, they reported that there 
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was an increased need for intensive care 
therapy when oximes were used. 

Alternatively, another study found that 
pralidoxime reduces significantly the need for 
intubation and the duration of mechanical 
ventilation (Pawar et al., 2006).  

The current study had a mortality rate of 
6% of patients in group II which was less than 
group I (12%) with insignificant difference 
between both group.  The same results was 
observed by Balali-Mood and Shariat (1998) 
who reported that the reactivation of AChE is 
an important factor for the patient’s recovery 
as judged  by the 100% recovery in the 
pralidoxime group. This difference may be 
also due to presence of specialized poisoning 
control centre in Mansoura Emergency 
Hospital. 

Our result disagrees with Chugh et al. 
(2005) who found that mortality occurred in 
“atropine with pralidoxime (PAM)” group 
(6.66%) while no mortality (100% recovery) 
in “atropine alone” group was noticed. Also, 
Peter et al. (2006) observed that there was no 
beneficial effect of oximes on mortality rate.  
Moreover, they reported that there was an 
increased need for intensive care therapy 
when oximes were used.  

Banerjee et al. (2014) found that case 
fatality was higher (18.33%) in group 2 
patients “Atropine with Pralidoxime (PAM)”  
as compared to those in group 1 (13.33% ), 
that is, those receiving “Atropine Alone”.  

In the present study, mortality occurred  
in both groups. The mortality in the current 
study may be related to differences in pattern 
and severity of poisoning depending on 
various factors such as the type of OP 
compound consumed, its amount, the time 
interval before hospitalization, the availability 
of effective treatment “Atropine with 
obidoxime” or “Atropine Alone”   and the 
general health of  the patient (Eddleston, 
2000; El-Ebiary et al., 2016). 
 

Conclusion 
   

The present  data on evaluation of 
obidoximes in treatment of OP poisoning 
incorporating the maximal clinical parameters 
and comparing the two groups in an unbiased 
manner, revealed that  the use of  obidoximes 
decreased the required dose of atropine and 
duration of hospital stay when compared with 
atropine alone. It is clear that there may be 
potential benefit from oximes as AChE activity 
is clearly increased by treatment.  

This study has taken care of all variables; 
hence, it is a comprehensive, useful, prospective 
trial from this country which delivers the clear 
message that obidoximes showed clinical 
benefits in the management of OP poisoning. 
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 قسم الطب الشرعي والسموم الإكلینیكیة، كلیة الطب، جامعة الأزھر بأسیوط

 

  قسم الطب الشرعي والسموم الإكلینیكیة، كلیة الطب، جامعة الأزھر

 

 ة الطب، جامعة المنصورةقسم الطب الشرعي والسموم الإكلینیكیة، كلی
  

المبیدات ھي مجموعة كبیرة وغیر متجانسة من المواد الكیمیائیة التي تستخدم ومنѧذ فتѧرة طویلѧة للѧسیطرة      
المبیѧدات الѧشائعة الاسѧتخدام     المبیدات الفوسѧفوریة العѧضویة مѧن أكثѧر    . على الآفات وصدھا في مختلف المجالات   

ه الدراسة إلى تقییم فاعلیة العلاج بالأوبیدوكѧسیم لإعѧادة تنѧشیط انѧزیم     فى الصناعة والزراعة والمنازل وتھدف ھذ    
الكولین استراز وارتباطھ مع شدة التسمم بین حالات التسمم كان عدد المرضى المصابون بالتѧسمم الحѧاد بمبیѧدات      

امعѧѧة  بمستѧѧشفى الطѧѧوارئ ج١٥٣ حالѧѧة بمستѧѧشفى دمیѧѧاط العѧѧام و  ١٥٠الآفѧѧات المѧѧضادة لأنѧѧزیم كѧѧولین اسѧѧتیراز   
 حالѧѧѧѧة تѧѧѧѧسمم بالمبیѧѧѧѧدات الفوسѧѧѧѧفوریة العѧѧѧѧضویة باسѧѧѧѧتعمال جھѧѧѧѧاز التحلیѧѧѧѧل        ٢٥٠ تѧѧѧѧم تѧѧѧѧشخیص  .المنѧѧѧѧصورة

تѧم  ،   حالѧة فقѧط مѧنھم فѧي ھѧذه الدراسѧة وفقѧا لمعѧاییر الإدراج          ٢٠٠و تم تضمین  ، الكروماتوجرافى بالطبقة الرقیقة  
نѧشاط انѧزیم الكѧولین اسѧتیراز     ، مل الفحوصات المعملیѧھ الأتیѧھ بعѧد دخѧول المرضѧى مباشѧرة وقبѧل تلقѧى العѧلاج              ع

تѧم تѧسجیل المѧصیر المرضѧى للمѧریض      .  الحقیقى والكاذب لكلا المجموعتین بالأضافة الѧى مجموعѧة المتطѧوعین           
ول للوحدة بعد التعرض للتسمم وقد تѧم  عند الخروج من الوحدة ومدة البقاء فى المستشفى والزمن الذى یسبق الدخ        

أیضا حساب نظام  بیرادینیا  لقیاس شدة التسمم أعتمادا على أسوا الملاحظات الأكلینیكیة والفحوص المعملیѧة فѧى           
كѧѧشفت بیاناتنѧѧا عѧѧن تقیѧѧیم الأوبیدوكѧѧسیم فѧѧي عѧѧلاج التѧѧسمم بمبیѧѧدات الآفѧѧات المѧѧضادة  .  سѧاعة بعѧѧد الѧѧدخول ٢٤أول 

التي تتضمن المعاییر السریریة القصوى ومقارنѧة المجمѧوعتین بطریقѧة غیѧر منحѧازة أن         و ،لأنزیم كولین استیراز  
استخدام الأوبیدوكسیم خفض الجرعة المطلوبة من الأتѧروبین، وكѧذلك مѧدة الإقامѧة فѧي المستѧشفى، عنѧد مقارنتھѧا            

 نѧشاط الكѧولین اسѧتراز     مع الأتروبین وحده ومن الواضح أنھ قѧد تكѧون ھنѧاك فائѧدة محتملѧة مѧن الأوبیدوكѧسیم لأن            
  .یزداد بشكل واضح من خلال العلاج

  


