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Organophosphorus pesticides are considered a major human health concern, 
primarily in developing countries. Acute toxicity of these compounds is known to have 
serious health consequences. The study aimed to assess the role of cholinesterase enzymes 
(acetylcholinesterase and butyrylcholinesterase) as predictors for severity following acute 
OP intoxication immediately after admission, using Peradeniya Organophosphorus 
Poisoning (POP) clinical severity scoring. It was conducted on fifty patients recruited 
from Mansoura University Emergency Hospital with history of acute exposure to 
organophosphorus compounds (OPCs). Detection of OP toxicity was done using thin 
layer chromatography (TLC) technique; assessment of severity of OP poisoning was done 
using Peradeniya Organophosphorus Poisoning (POP) scale; and estimating ACHE and 
BuCHE levels that was done using microlab auto-analyzer. No statistically significant 
associations were found between initial ACHE enzyme levels and POP severity scoring 
(p=0.075), meanwhile, initial BuCHE levels were significantly associated with POP 
severity scoring (p=0.045). Thus, measurement of BuCHE enzyme on admission is a 
sensitive biomarker for acute OP exposure and severity. Although ACHE enzyme is 
considered a specific biomarker for diagnosis of OP toxicity, it cannot be considered a 
sensitive biomarker for severity. 

 
Introduction  
 

Organophosphates (OPs) are class of 
chemicals widely used for prevention of 
harmful effects of many pests. Their worldwide 
use is increased to control diseases' vectors and 
increase food production. They are inhibitors of 
carboxylic ester hydrolases within the body, 
including cholinesterases. Their inhibition is 
considered the main mechanism of action and 
the clinical effects of other interactions are not 
well understood (Watson et al., 2015). 

Mammalian cholinesterases represent a 
family of enzymes that hydrolyse choline esters 
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and divided into two major classes: acetyl or 
red cell cholinesterase and plasma, pseudo or 
butyrylcholinesterase, regarding substrate 
preference, sensitivity to specific inhibitors, 
their location, active site and function 
(Chowdhary et al., 2014). Inhibition of 
acetylcholinesterase (ACHE) enzyme is 
generally thought to account for the majority of 
clinical features of organophosphorus (OP) 
poisoning. Both ACHE and butyryl-
cholinesterase (BuCHE) can be inactivated by 
OPs. Therefore, depression of their activities in 
the blood is a validated biomarker of OP 
exposure (Morris et al., 2014).                 

Strelitz et al. (2014) studied the 
relationship between ACHE and BuCHE as 
biomarkers for diagnosis of OP poisoning, and 
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assessed whether these measures can be used 
interchangeably and found a weak negative 
association. It is unclear which biomarker is the 
most appropriate for assessing severity of OP 
intoxication. The study aimed to assess the role 
of cholinestrase enzymes (ACHE and BuCHE) 
as predictors for severity following acute OP 
intoxication immediately after admission, using 
Peradeniya Organophosphorus Poisoning 
(POP) clinical severity scoring. 

 

Patients and Methods 

 

A cohort study was carried out on 199 
patients presented with acute anticholinesterase 
poisoning in Mansoura University Emergency 
Hospital over a period of three years (from 
September 2014 to September 2017), 116 cases 
were diagnosed to be OP intoxicated; by thin 
layer chromatography (TLC). Only 50 patients 
of both sexes were included in this study, they 
were presented by acute OP poisoning and their 
ages ranged from 18 to 55 years. Other patients 
who presented with anaemia, cancer, chronic 
liver disease and diabetes mellitus, history of 
current alcohol consumption or pregnant 
women were excluded from the study. 

All patients participated in the current 
study were requested to sign an informed 
consent form to indicate their approval to 
participate in the study. The study protocol was 
approved by the Institutional Review Board of 
Faculty of Medicine, Mansoura University 
(code no. 123). Each patient was subjected to 
the following steps: 

1. History taking: including age, sex, 
residence, routes of exposure, manner of 
toxicity and household interferences. 

 

2. Clinical evaluation: including general and 
systemic examination. Then, clinical 
severity scoring of the patients was assessed 
according to POP scale, which included 
pupil size, respiratory rate (R.R.), pulse rate, 
fasciculations, level of consciousness and 
the presence or absence of convulsions. 
Accordingly, subjects were divided into 
mild (POP score 0-3), moderate (POP score 
4-7) and severe poisoning (POP score 8-11) 
groups (Kumar et al., 2015). 

 

3. Laboratory investigations:  

a. Chemicals and kits: all chemicals were 
analytically reagent grade: acetone "BDH"; 
acetylthiocholine iodide "MERK"; benzene 
"BDH"; 5, 5'-dithiobis (2-nitrobenzoic acid) 
(DTNB)"MERK"; Malathion (98%) 
"MERK"; n-Hexane "BDH"; palladium 
chloride "MERK"; S-butyrylthiocholine 
iodide (BTC) "MERK"; Sodium 
dihydrogen phosphate (NaH2PO4)"MERK"; 
sodium hydrogen phosphate (Na2HPO4) 
"BDH"; sodium phosphate (NaHPO4) 
"MERK"; sodium sulphate "Al-Gomhouria 
Company". 

b.Sampling: 

1.One hundred ml from gastric contents 
were collected in glass bottle (200ml) for 
detection of organophosphorus 
compounds (OPCs) by TLC and 
exclusion of non-OP pesticides.  

2.Ten ml blood sample was taken; and then 
divided into two parts: five ml was kept 
without preservatives for estimation of 
BuCHE enzyme levels and the other 
sample (five ml) was heparinized for 
estimation of ACHE enzyme activities. 
They were taken immediately after 
admission just before administration of 
any medications.  
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c. Extraction of gastric samples and detection 
of OPs by TLC were done to confirm 
diagnosis according to Yang et al. (2012). 

d.Measurement of ACHE enzyme activities 
was done according to Ellman method 
(Worek et al., 2012), using Microlab 200 
auto-analyzer: Vital Scientific, 0435, 
Netherland. 

e. Measurement of BuCHE enzyme levels 
was determined according to modified 
Ellman's method (Jońca et al., 2015),using 
Microlab 200 auto-analyzer: Vital 
Scientific, 0435, Netherland. 

 
Statistical Analysis 
 

The results were analyzed using student  
t-test. The significance level was kept at the 
level of less than 0.05 (p<0.05). 

 

Results 
  

The ages of the studied patients ranged 
from 18 to 55 years with a mean age 
34.42±14.2 years, most of them, 29 patients 
(58%) were males. Rural and urban residents 
were nearly the same (52% and 48% 
respectively). 

Detailed history about toxic exposure was 
taken from all patients as shown in table (1), 
the major route of exposure was oral route 
(58%). Regarding the manner of toxicity, 
occupational exposure was the commonest 
among the studied patients (42%), meanwhile 
38% of patients gave a history of deliberate 
self-poisoning, 12% gave history of accidental 
poisoning and alleged deliberate homicidal 
manner was the least manner of toxicity; in 
only 4% of patients. As regards household 
interferences, 80% of the studied patients came 
immediately to hospital without any household 
interference. 

 
Table (1): Routes of exposure, manner of toxicity and household interferences among patients with 

organophosphate toxicity (n=50). 

Parameter n. (%) 

Oral  29 (58%) 

Dermal 5 (10%) Routes of exposure 

Inhalation  16 (32%) 

Accidental  6 (12%) 

Occupational  21 (42%) 

Deliberate self-poisoning 19 (38%) 

Manner of toxicity 

 

Alleged deliberate homicidal 4 (8%) 

Yes  10 (20%) 
Household interferences 

No   40 (80%) 

n.: number. 
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Table (2) showed the findings of clinical 
examinations. Consciousness level was 
disturbed in 56% of patients. Majority of 
patients(50%) presented with pinpoint pupils. 
Regarding the heart rates, 52% presented by 
severe bradycardia. Most of patients (76%) 
presented with R.R. <20 breaths /min. Only 
20% and 4% of patients presented by cyanosis 

and seizures respectively. Generalized and 
continuous muscle fasciculations were observed 
in 56% of patients, 66% were suffering from 
nausea and/or vomiting; 40% presented with 
urinary and/ or fecal incontinence; only 26% 
presented with excessive sweeting and 22% 
were presented by excessive salivation.  

Table (2): Frequencies of clinical manifestations of organophosphorus poisoning among the studied 
patients (n=50). 

Manifestations n. (%) 

Disturbed consciousness level 28 (56%) 

≥ 2  16 (32%) 

< 2  9 (18%) Pupil size (mm) 

Pinpoint 25 (50%) 

< 40  26 (52%) 

41 – 60  15 (30%) Pulse (beats/min) 

> 60  9 (18%) 

< 20  38 (76%) 
Respiratory rate (breaths/min) 

> 20  12 (24%) 

Yes 10 (20%) 
Cyanosis  

No 40 (80%) 

Yes 2 (4%) 
Seizures  

No 48 (96%) 

Absent  9 (18%) 

Either generalized or continuous 13 (26%) Fasciculations 

Generalized   and   continuous 28 (56%) 
Excessive salivation 11 (22%) 

Nausea/vomiting 33 (66%) 

Excessive sweeting 13 (26%) 

Urinary/fecal incontinence 20 (40%) 

n.: number. 
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Detection of OPs was done for all 
patients using TLC. There were specific spots 
for OPs in positive samples. Interestingly, 
different spots with different rates of flow were 
visualized in some samples; which suggests 
mixtures of the OP commercial preparations. 

According to POP scale, 30% of patients 
were mild grade, 42% of patients were 
moderate, while, severe cases were found in 
28% of patients. Table (3) demonstrates the 
association between POP scoring and 
cholinesterase enzymes levels.  

As regard the initial levels of ACHE 
enzyme, no statistically significant difference 
was found between the three groups (p=0.075). 
No statistically significant differences were 
found between (mild and moderate), (moderate 
and severe) and between (mild and severe) 
groups (p=0.26; 0.39; 0.08 respectively). 
Regarding the initial levels of BuCHE enzyme, 
there was a statistically significant difference 
between the three groups (p=0.045). As well, 
statistically significant differences were found 
between (mild and moderate), (moderate and 
severe) and between (mild and severe) groups 
(p=0.0001, each). 

 
Table (3): Association between Peradeniya Organophosphorus Poisoning scale and cholinesterase 

levels among patients. 

 Mild (n=15) Moderate (n=21) Severe (n=14) p-value 

0.075 

p1= 0.26 

p2=0.39 

ACHE (µ moles/min 
/ml red cells) 
mean ± S.D 

6.3±1.95 5.56±1.91 4.98±2.013 

p3=0.08 

0.045* 

p1=0.0001* 

p2=0.0001* 

BuCHE (IU) 
mean ± S.D 

2181.94±191.26 1822.71±186.89 886.62±96.174 

p3=0.0001* 
ACHE: acetylcholinesterase. BuCHE: butyrylcholinesterase. S.D: standard deviation. p1: difference between mild and 

moderate groups.p2: difference between moderate and severe groups. p3: difference between mild and severe 
groups. 

 
Discussion 
 

Organophosphorus compounds are 
commonly used in several countries; they act 
mainly by phosphorylation and subsequently 
inhibition of acetylcholinesterase which is 
responsible for classic clinical picture of acute 
OP poisoning (Watson et al., 2015). The 
present study aimed to assess the role of 

cholinesterase enzymes (ACHE and BuCHE) as 
predictors for severity following acute OP 
intoxication. 

The association between POP scoring and 
the initial levels of ACHE didn’t show any 
significant differences among the three groups, 
suggesting that initial ACHE levels are not 
specific indicators of the clinical severity. This is 
inconsistent with the previous study of 
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Eddleston et al.(2008); they reported that 
ACHE enzyme activity varies significantly in 
mild, moderate and severe degrees of 
poisoning. 

The present results are supported by 
Osman (2011) who stated that, the basic 
ACHE levels are generally low in chronically 
exposed individuals who live adjacent to 
regularly sprayed cotton fields. Roberts and 
Brett (2014) reported that symptoms are not 
always present in ACHE-depressed 
individuals; and there are differences between 
all OPCs regarding ACHE inhibition. 

The weak contribution of initially 
measured ACHE levels in assessment of 
clinical severity of OP poisoning can be 
explained by the actual use of mixed 
formulation of pesticides (Eddleston et al., 
2012).In the present study, TLC detection 
revealed multiple spots with different shapes 
and rates of flow, these findings are in 
accordance with previous studies conducted 
in Egypt by Farahat et al. (2010) and Farahat 
et al.  (2011). 

Additionally, it is difficult to know how 
closely ACHE inhibition in erythrocytes 
reflects that in the nervous system since 
access to blood is easier than brain. Thus, the  
inhibition  of  ACHE  in  erythrocytes  may  
be  overestimated  relative  to  that  in brain 
(Jokanović, 2012). 

Furthermore, there are baseline 
variations of ACHE activity among 
individuals; it may be suppressed in healthy 
people (Watson et al., 2015).Therefore, the 
degree of inhibition of ACHE activity is 
ideally determined by comparing baseline 
activity measurements with others taken after 
the individual has been exposed (Strelitz et 
al., 2014). These comparisons were not 
feasible in the present study because the 
patients were firstly presented by acute 
toxicity, with no pre-exposure records for 
them. 

As regards BuCHE enzyme, statistically 
significant associations have been demonstrated 
between the initial BuCHE enzyme levels and 
POP scale, which confirm its role as a sensitive 
biomarker for assessment of severity. Several 
studies have shown similar findings (Makwava 
et al., 2012; Hundekari et al., 2013; Khan et al., 
2016). Suggesting that, the higher the score on 
POP scale, the higher was the degree of 
derangement in BuCHE levels.  

However, these results were inconsistent 
with Jokanović (2012); Yun et al. (2012) and 
Hassan and Madboly (2013), they found that, 
primary inhibition of BuCHE enzyme didn’t 
provide accurate information related to clinical 
severity. Yun et al. (2012) found that serial 
BuCHE measurements can better guide 
physicians in management of OP poisoned 
patients. This discrepancy can be explained by 
non specificity of BuCHE for OP exposure. 
Records demonstrated that this enzyme unlike 
ACHE may be suppressed in many other 
pathological conditions other than OP poisoning 
(Darwish et al., 2016). 

In conclusion, according to results of the 
current study, measurement of BuCHE enzyme 
level on admission; strongly correlate with 
patient's clinical severity rather than ACHE 
enzyme. Serial measurements are recommended 
to better predict prognosis among intoxicated 
patients.  
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 

  
 

   جامعة المنصورة- كلیة الطب-قسم الطب الشرعي والسموم الإكلینیكیة
  

ومѧن  . خاصة فѧي البلѧدان النامیѧة   ئیسیةتعتبر مبیدات الآفات الفوسفوریة العضویة من الشواغل الصحیة الر     
تھѧدف ھѧذه الدراسѧة إلѧى قیѧاس مѧستویات       . المعروف أن السمیة الحادة لھذه المركبات لھѧا عواقѧب صѧحیة خطیѧرة            

كمؤشرات حیویة لخطورة التѧسمم بالمركبѧات الفوسѧفوریة     إنزیمي أسیتایل كولین استریز وبیوتریل كولین استریز 
  للتسمم الحاد بالمركبѧات الفѧسفوریة العѧضویة   اخمسین مریضًا قد تعرضو  علي  سة  الدرا تم إجراء ھذه   و .العضویة

لفѧسفور العѧضوي بإسѧتخدام    التعѧرض ل تѧم الكѧشف عѧن    . وتم اختیارھم مѧن مستѧشفى الطѧوارئ بجامعѧة المنѧصورة           
 ѧѧة، وقѧѧة الرقیقѧѧاتوجراف ذو الطبقѧѧة الكرومѧѧسمم   تقنیѧѧا للتѧѧاس برادینیѧѧتخدام مقیѧѧسمم بإسѧѧراض التѧѧدة أعѧѧیم شѧѧم تقیѧѧد ت

كما تم تقدیر مستویات إنزیمѧي أسѧیتایل كѧولین اسѧتریز وبیوتریѧل كѧولین اسѧتریز باسѧتخدام             . الفوسفوري العضوي 
ولین لإنزیم أسیتایل ك ولم یتم العثور على ارتباطات ذات دلالة إحصائیة بین المستویات الأولیة        . میكرولاب جھاز

المѧستویات الأولیѧة لإنѧزیم بیوتریѧل      استریز ومقیاس برادینیا، بینما كانت ھناك ارتباطات ذات دلالة إحصائیة بѧین    
القیاس الأولي لإنزیم بیوتریل كولین استریز مؤشرا حیویѧا حѧساسا       ومن ثم یعتبر  . ومقیاس برادینیا  كولین استریز 

وعلѧى الѧرغم مѧن أن إنѧزیم أسѧیتایل كѧولین اسѧѧتریز       . الحѧѧادالتѧسمم الفѧسفوري العѧضوي     للتعѧرض ولتقیѧیم خطѧورة   
فإنѧھ لا یمكѧن اعتبѧاره مؤشѧرًا حیویѧًا      ،  المركبѧات الفѧسفوریة العѧضویة   یعتبر مؤشرا حیویًا محѧددًا لتѧشخیص سѧمیة     

 .حساسا لتقییم خطورة التسمم الحاد 

  
  


