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A B S T R A C T

Background: Organophosphorus (OP) poisoning is an important global health problem especially in
developing countries. Estimation of erythrocyte cholinesterase (EChE) and plasma cholinesterase (BChE)
as an evidence of OP poisoning is costly, not regularly performed and shows wide inter-individual
variability.
Aims and Objectives: To study the feasibility of using serum creatine phosphokinase (CPK) as a predictor
for severity of OP poisoning.
Material and Methods: Thirty four patients were included in this study who were admitted to tertiary care
centre with history of OP poisoning less than 24hrs. The clinical severity of patients categorized according
to Peradeniya organophosphorus poisoning (POP) scale.
Results: In our study 53.0% were male, 47.0% were female. Incidence of OP poisoning was more common
among age group 21-30 years. Farmers (38.2%) were more common among occupation. Monocrotophos
(46.0%) was commonly used compound for poisoning. 38.2% patients were severe.
Conclusion: There was significant reduction in plasma cholinesterase and significant increase in CPK
levels. There was a highly significant correlation between initial serum CPK levels and severity of acute
OP poisoning. This study recommends CPK as an alternative biomarker for acute OP poisoning.
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1. Introduction

The World Health Organization (WHO) estimates that
globally three million intentional or un-intentional pesticide
poisoning episodes occur annually and out of these a
minimum of three lakhs die.1 It seems these data represent
only the tip of iceberg, as most cases are not reported
from developing nations. Organophosphorus insecticides
are arguably one of the commonest causes of morbidity
and mortality due to poisoning worldwide, especially in
developing countries like India. Causes of poisoning are
suicidal, accidental and homicidal. Suicidal poisoning is
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the most common cause in developing countries because of
cheap and easy availability in market. Their ease of access
and socio cultural factors play important role in choice of
OP compound as self-poison.2

The morbidity and mortality outcome depends on the
time lag between exposure and the onset of management.
Therefore, it is cardinal to recognize the entire spectrum of
the symptoms. Organophosphorus (OP) compounds inhibit
acetyl cholinesterase and butyryl cholinesterase enzymes
resulting in over stimulation at cholinergic synapses.3

Symptoms are classified into muscarinic, nicotinic and
central depending on the actions over the respective
receptors. Muscarinic features include excessive salivation,
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lacrimation, urination, diarrhoea, gastrointestinal cramps,
emesis, blurred vision, miosis, bradycardia, and wheezing.
Nicotinic features include fasciculation, paresis or paralysis,
hypertension and tachycardia. Three types of neuro
muscular paralysis are noticed. Type I is due to continued
depolarization at neuro-muscular junction, type II due
to intermediate syndrome and type III due to delayed
polyneuropathy. Central features include anxiety, confusion,
seizures, psychosis and ataxia.4

Laboratory evidence of OP poisoning is usually
confirmed by measuring the decreases in the BChE
and EChE activities. However, because of wide inter-
individual variability, significant depression of the enzyme
cholinesterase activity may occur but still fall within the
"normal" range. Also, estimation of either serum EChE or
BChE levels is costly and not regularly performed in most
laboratories.5 There are emerging options for new cheaper
and/or easily quantifiable biochemical markers in relation
to OP poisoning like creatine phosphokinase (CPK), lactate
dehydrogenase (LDH) and serum immunoglobulins (IgG,
IgA). But immunoglobulin assays, apart from being costly
and difficult to perform in most laboratories, are often
unreliable.6 Several animal model studies proposed that
serum level of CPK is often found to be elevated in OP
poisoning, and it may be used as a biomarker.7 Therefore,
this study was conducted to assess the correlation between
serum CPK levels and the severity of acute OP poisoning.

2. Material and Methods

The present study was carried out in a tertiary care
hospital in southern India. Patients admitted to hospital
less than 24 hrs with of history of OP poisoning
were included in the study. Patients with pre-existing
myopathy, epilepsy, myocardial infarction, myocarditis
chronic renal disease and trauma were excluded from
the study. Presumptive diagnosis of organophosphorus
poisoning was based on history, circumstantial evidence and
characteristic clinical features. Gastric lavage contents were
sent for analysis to poison detection centre. Clinical severity
was categorized according to Peradeniya organophosphorus
poisoning (POP) scale, (0–3, Mild Poisoning; 4–7,
Moderate Poisoning; 8–11, Severe Poisoning) as shown in
(Table 1).8 The ethical committee approved this study.

Blood samples for serum CPK total and plasma
cholinesterase were collected at time of admission. Other
investigations done were random blood glucose estimation
of serum electrolytes (Sodium and Potassium), blood
urea and serum creatinine, complete blood picture, chest
radiograph, electrocardiogram, HIV, HBsAg, liver function
test and ABG (if necessary). The data was analyzed and
computed. Normal values of CPK and serum cholinesterase
are 15-125 U/L and 2180-9180 U/L.

Table 1: Peradeniya Organophosphorus poisoning (POP) severity
scale

Parameter Findings Scale

Pupil Size
≥ 2 mm 0
< 2 mm 1
Pinpoint 2

Respiratory
rate

< 20/ minute 0
≥ 20/minute 1
≥ 20/minute with cyanosis 2

Heart rate
> 60/ minute 0
41-60/minute 1
< 40/minute 2

Fasciculations
None 0
Present, ± generalized ± continues 1
Both generalized & continuous 2

Consciousness
levels

Conscious & oriented 0
Impaired verbal response 1
No verbal response 2

Seizures Absent 0
Present 1

3. Results

Out of thirty-four patients enrolled in the study, 18 (53.0%)
were males and 16 (47.0%) were females (Figure 1). They
were aged from 16 to 90 years. Most common age group
was 21-30 years (44.1%) (Figure 2).

Fig. 1: Showing sex distribution of patients

Nineteen patients (55.8%) came from rural areas,
whereas 15 (44.2%) from urban areas. Regarding
occupation, 13 (38.2%) were farmers, 10 (29.4%)
housewives, 7 (20.5%) students (Figure 3). The most
common route of exposure was oral (85.2%), the most
common manner of poisoning was suicidal manner (88.9%).
Most common OP compound was Monocrotophos (46.0%).

Out of thirty four patients, 13 (38.2%) patients required
ventilator support (Figure 4), plasma cholinesterase was
significantly reduced in 35.2% patients, (Figure 5) and
creatine phosphokinase was significantly raised in 41.4%
patients (Figure 6).
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Fig. 2: Showing age distribution of patients

Fig. 3: Showing occupational distribution of patients

Fig. 4: Showing distribution of patients on ventilation

Fig. 5: Showing distribution of plasma cholinesterase in patients

Fig. 6: Showing distribution of creatine phosphokinase in patients

4. Discussion

In this study male: female ratio is 1.1: 1. There was male
preponderance. A study conducted by Gupta SK et al. in
413 patients found 273 patients were male. Male: female
ratio is 1.9:1.9 Incidence of organophosphorus poisoning
was more among the age group 21-30 years (44.1%). This
is the most critical period, when one is likely to face various
problems that may lead to psychological stress, so a person
may take drastic steps to end his life by consuming available
poisons. Similar results were seen in studies conducted by
Gupta SK et al.9 Dayanand Raddi et al.2 and Hundekari
IA et al.10A study conducted by Gupta SK et al. out of
413 patients, 139 patients were in the age group of 21-30
years. A study conducted by Dayanand Raddi et al. out of
320 patients, 144 patients were in the age group of 21-30
years. A study conducted by Hundekari IA et al. out of 92
patients, 58 patients were in the age group of 15-25 years.

The most commonly used OP compounds were
monocrotophos (46.0%), chlorpyrifos (15.0%).
Monocrotophos is commonly used pesticide in the
paddy fields and it’s easily available in the market.
Monocrotophos (30.17%) was most common compound
in a study conducted by Gupta SK et al. then followed by
methyl parathion (28.44%) and quinolphos (18.96%).9



Badiger and Badiger / Annals of Geriatric Education and Medical Sciences 2022;9(2):70–74 73

In this study, it was found that maximum cases were
suicidal poisoning 30 (88.9%). It might may be due to rapid
urbanization, social and economic factors which mainly
contribute to frustration and depression in the people. The
persons who are not able to cope up the stressful situations
are the major victims of suicidal poisoning. Choice of OP
compound for suicide is mainly due to cheap and easy
availability. Similar result was seen in a studies conducted
by Dayanand Raddi et al. (97.5%).2, Hundekari IA et al.
(95.3).10 Kar SM et al. (95.2%).11 Studies conducted by
Dayanand Raddi et al., out of 320 patients, suicidal patients
were 312 (97.5%). A study conducted by Hundekari IA et
al. out of 150 patients, 143 (95.3%) patients was suicidal.
Studies conducted by Kar SM et al. out of 65 patients, 64
patients were suicidal.

In this study, most of the patients were farmers (38.2%),
housewives (29.4%) and students (20.5%). Farmers are
more prone for OP poisoning; it might be due to easy
availability and accessibility of the pesticides among
them. Among the symptoms, vomiting was most common
symptom. Out of 34 patients, 30 (88.9%) patients had
vomiting, followed by miosis (82.5%), sweating (72%),
bradycardia (70%), and salivation (52%). Vomiting is most
common symptom because of the practice of induced
emesis by giving salt water in this area because of lack of
knowledge.

Out of thirty-four patients, 13 (38.2%) were severe
according to POP scale. More severity of poisoning
according to POP scale, patient required ventilator support
and prolong hospital stay. Total dose of atropine and
PAM requirement also increased. Total 13 patients required
ventilator support, out of them six had monocrotophos
poisoning and three had chlorpyrifos poisoning requiring
ventilator support.

Plasma cholinesterase inhibition is correlating well with
clinical severity in case of OP poisoning. Our findings
reduction of plasma cholinesterase on day of admission
and severity of OP poisoning are consistent with Wadia
et al. who showed good correlation between plasma
cholinesterase level and severity of poisoning. Plasma
cholinesterase showed a trend of increase in activity with
treatment of atropine and pralidoxime during the course of
hospital stay.4

This study showed that as the POP scale increases serum
CPK levels increase; meanwhile plasma cholinesterase
levels decrease. These findings were statistically highly
significant (p <0.001). There was a high degree of
correlation between the initial serum CPK level and the
severity of acute OP poisoning; i.e. positive correlation
with (POP scale and total dose of atropine "mg" and
obidoxime "g") and the negative correlation with (Plasma
cholinesterase). These correlations were found to be
statistically highly significant (P < 0.001).

Study conducted by Bhattacharya et al. who confirmed
the presence of a high degree of correlation between initial
CPK value and POP scale, serum EChE levels, arterial pH
values and total dose of atropine in acute OP poisoning.
Muscle fiber necrosis and consequently raised CPK levels
occur in severely acute OP poisoned patients. So, cheaper,
easily quantifiable and more available biochemical markers
in relation to OP poisoning like serum CPK can be used in
predicting as well as assessing the prognosis of patients with
OP poisoning.6

Three types of muscle injuries (paralysis) are noticed in
OP poisoning. Type I is due to continued depolarization
at neuro-muscular junction, type II due to intermediate
syndrome and type III due to delayed polyneuropathy.4 In
this study, the elevated serum CPK levels were confirmed
during the acute stage of toxicity i.e. all cases presented
within 24 hours of exposure to OP compounds and before
the development of the intermediate syndrome. Intermediate
syndrome occurs in between the periods of acute and
delayed OP toxicity. Intermediate syndrome occurs in
patients 24–96 hours after acute OP poisoning. Raised
CPK levels occur due to rhabdomyolysis in — intermediate
syndrome.12

Study conducted by Sahjian and Frakes stated that if
there is ongoing injury to the muscle due to development
of complications, the CPK level continues to be elevated,
since half-life of CPK is about 1.5 days; it normalizes
within 5–6 days of a single insult to the muscle.13

Study conducted by Perreault et al. confirmed that when
a skeletal muscle is injured, CPK leaks into the blood
and urine. Serum CPK level remains the best biomarker
for detecting and monitoring skeletal muscle damage and
diseases.14Some studies confirmed that elevation of serum
CPK levels in acute OP poisoning, especially if the patient
is severely poisoned, presumably due to muscle fiber
necrosis. However, the main disadvantage of serum CPK as
a biomarker for acute OP poisoning, its non-specificity. So
exclusion of other conditions and diseases that may cause its
elevation in patients with acute OP poisoning is mandatory.

5. Conclusion

Serum CPK level can be used as an alternative biomarker in
diagnosis or stratifying severity of acute OP poisoning, as it
is cheap, easily available, especially in developing countries
where plasma cholinesterase are not widely available in
most laboratories.

6. Source of Funding

None.

7. Conflict of Interest

None.



74 Badiger and Badiger / Annals of Geriatric Education and Medical Sciences 2022;9(2):70–74

Acknowledgment

Authors acknowledge the immense co-operation received
by the patients and the help received from the scholars
whose articles are cited and included in references of this
manuscript. The authors also grateful to authors / editors
/ publishers of all those articles, journals and books from
where the literature for this article has been reviewed and
discussed.

References
1. Mancini F, Jiggins JL. Reducing the incidence of acute pesticide

poisoning by educating farmers on integrated pest management in
South India. Int J Occup Environ Health. 2009;15(2):143–51.

2. Raddi D, Anikethana G. Clinical profile of organophosphorus
poisoning in a tertiary care hospital. Indian J Basic Appl Med Res.
2014;4(1):14–22.

3. Cander B, Dur A, Yildiz M, Koyuncu F, Girisgin AS, Gul M. The
prognostic value of Glasgow Coma Scale, serum acetyl cholinesterase
& leucocyte levels in acute Op poisoning. Basar Ann Saudi Med.
2011;31(2):163–6.

4. Wadia RS, Sadagopan C, Amin RB, Sardesai HV. Neurological
manifestations of organophosphorus insecticide poisoning. Neurosurg
Psychiatry. 1974;37(7):841–88.

5. Bazire A, Gillon E, Lockridge O. The kinetic study of the
inhibition of human cholinesterases by demeton- s-methyl shows
that cholinesterase- based titration methods are not suitable for this
organophosphate. Toxicology. 2011;25(3):754–9.

6. Bhattacharyya K, Phaujdar S, Sarkar R. Serum creatine
phosphokinase: a probable marker of severity in organophosphorus
poisoning. Int J Toxicol. 2011;18(2):117–23.

7. Agarwal SB, Bhatnagar VK, Agarwal A. Impairment in clinical
indices in acute organophosphate insecticide poisoning patients in

India. Int J Toxicol. 2007;4(1):1–6.
8. Senanayake N, Silva D, Karalliedde HJ. Scale to assess severity

in organophosphorus intoxication: POP scale. Hum Exp Toxicol.
1993;12:297–9. doi:10.1177/096032719301200.

9. Gupta SK, Kumar S, Sheikh MI. Study of organophosphorus
poisoning in Surat India. J Indian Acad Forensic Med.
2006;28(3):971–3.

10. Hundekari IA, Surykar AN, Dongre NN, Rathi DB. Acute poisoning
with organophosphorus pesticide. J Krishna Inst Med Sci Univ.
2012;1:38–47.

11. Kar SM, Timsinha S, Agarwal P. An epidemiological study of
organophosphorus poisoning at Manipal teaching hospital. J Indian
Acad Forensic Med. 2010;32(2):971–3.

12. Hoffman RS, Nelson LS, Howland M. Insecticides: Organic
Phosphorus Compounds and Carbamates. vol. 109. McGraw-Hill
Companies; 2007. p. 837–79.

13. Sahjian M, Frakes M. Crush injuries: Pathophysiology and current
treatment. J Nurse Pract. 2007;32(9):13–8.

14. Perreault S, Birca A, Piper B. Transient creatine phosphokinase
elevations in children: A single-center experience. J Pediatr.
2011;159(4):682–5.

Author biography

Sharan Badiger, Professor and Head
 

 

https://orcid.org/0000-0001-9752-
9792

Prashant Badiger, Junior Resident

Cite this article: Badiger S, Badiger P. A study of serum creatine
phosphokinase and severity of organophosphorus poisoning. Ann
Geriatrics Educ Med Sci 2022;9(2):70-74.

http://dx.doi.org/10.1177/096032719301200
https://orcid.org/0000-0001-9752-9792
https://orcid.org/0000-0001-9752-9792
https://orcid.org/0000-0001-9752-9792

	Introduction
	Material and Methods
	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

