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Abstract
Insecticides are toxic chemicals used at homes for controlling insects of public health importance and controlling agricultural pests at home gardens.
Their application may result in accidental poisoning. Four accidental insecticide-poisoning children coupled with a scorpion bitten child were brought to
the main hospital in southern Gaza for medical treatment. Primary investigation showed severe breath shortness, low heartbeat, and low blood pressure
(hypotension). These symptoms are indications of potential cardiotoxicity
among children. Electrocardiograms were measured and indicated various
heart complications between cases. Complete blood count (CBC) determination showed the highest white blood cells (WBC) in the scorpion-bitted child
suggesting the development of immune defense system. Blood electrolyte
(Na+, K+, Ca2+) concentrations indicated disturbances due to poisoning. An
interesting outcome of the study is the dramatic alteration in blood glucose
concentration. Additionally, activity of acetylcholinesterase (AChE) indicated
normal activity in poisoning case 1, moderate inhibition in poisoning case 2
and case 3, normal activity in poisoning case 4 and severe inhibition in poisoning case 5. The levels of Aminotransferase (ALT) and Aspartate Aminotransferase (AST) were within the acceptable range whereas the level of Alkaline Phosphatase (ALP) was above the acceptable reference range suggesting
potential Hepato-toxicity. Scorpion bitten child did not receive atropine
whereas two poisoned cases were successfully cured by atropine injection.
Additionally, alternative safe medical management may be used for cardiotoxicity using vitamin C, vitamin E, quercetin, and curcumin. These vitamins may be recommended as alternative medical treatments for cardiotoxicity.
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1. Introduction
The use of insecticides at homes has progressively increased due to public health
and home garden pests control. In general, houseflies, mosquitoes, several types
of cockroaches require adequate control to reduce the population of these insects. Additionally, beetles, fruit fly and mites require frequent application of insecticides to protect the garden. In general, insecticides are being used at home
for the above-mentioned purposes. For instance, chlorpyrifos and malathion
(organophosphorus insecticides) are currently in use in Gaza to control household and agricultural insects [1]-[6]. Many of these pesticides have been shown
to cause cardiotoxicity worldwide [7], reproductive toxicity [8] and carcinogenetic disturbances worldwide [9].
Previous investigation showed that farmers used empty pesticide container as
domestic tools, resulting in slightly or severely poisoning cases that required medical treatment [10].
So far, tremendous work has been conducted to reduce the potential occurrence of occupational or accidental poisoning. This includes, pesticides educational programs, development of friendly pesticide formulations and changing
pesticide application [11] [12] [13] [14] [15], using alternative and management
methods [16] [17] [18] [19]. These efforts succeeded in some locations and failed
in other locations due to misleading information. In general, poisoning occurred
each year but the irregular issue is that children are brought to the hospital with
a common complaint of cardiac arrest. The objectives of this study are to highlight the cardiotoxicity of insecticides among poisoning children with different
toxic substances and evaluate the effectiveness of ameliorating agents as suitable
clinical nutritional materials.

2. Materials and Methods
2.1. Management Protocol of Poisoned Cases
Poisoning cases may be managed according to the following medical protocol,
which consists of the following steps.
1) Complete water bath to the child to remove any residue from the surface of
the body.
2) Gastric lavage (GL) for conscious cases start with a saline solution (0.9%)
containing active charcoal, followed by milk gavage in some cases. Then the last
gastric lavage includes saline solution only. However, unconscious cases are proceeded to the next step without GL.
3) Primary heart test includes recording blood pressure (BP), heartbeat (HB),
DOI: 10.4236/health.2021.139078
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and breathing mode. Low records of these parameters are alerts of cardiotoxicity.
4) Clinical observations such as Anorexia, Blurry vision, Body secretions, Confusion, Convulsion, Diarrhea, Headache, Irregular heartbeat , Mucous, Nausea,
Pain, Respiratory depression, Saliva, Sensation, Sweeting, Tears, Tingling, Unconsciousness, Very narrowed pupils, vomiting, weakness.
5) Complete blood count (CBC), liver function test (Alanine Aminotransferase (ALT) Aspartate Aminotransferase (AST) Alkaline Phosphatase (ALP)), and
kidney biomarkers (Urea, and creatinine), and neurotransmitter test (Acetylcholinesterase (AChE)).
6) Data collection. In this section, the parents of the poisoned case provided
the following information. Detailed home address, job of parents, pest control
system at home, and at garden. Family members, previous number of poisoning.
7) Medical treatment. This step relies on data obtained from blood analysis
and from the clinical symptoms.
If the level of AChE activity is very low, this indicates severe inhibition of the
enzyme. Accordingly, atropine 0.1 mg/(2 - 3 ampoule/II hours) can be given to
the corresponding case each 6 hour taking into account the response of eye to
light. As the eye responded positively to light, this indicates the successful activity of atropine to recover the poisoning case. If the eye weakly responded, this
suggests that Atropine is not effective as an antidote. Following atropine injection, the level of AChE activity is monitored, if there is a rise in the enzyme level
this suggests that atropine injection is detoxifying the case, if not, atropine injection should be changed by Obedoxim or any other successful organophosphates
antidote. After recovery of poisoning symptoms, a child can be treated systematically to cure other related symptoms. If the case becomes stable for 24 h, the
child may be released from the hospital.

2.2. Measurement of Enzyme Activity
The blood samples (2 ml) were collected and analyzed in the same day for the
parameters shown below. Acetylcholine esterase activity (AChE) was measured
by a spectrophotometer according to the method developed previously by Ellman et al. [20] using acetyl thiocholine iodide as a substrate. The yellow color
produced by the reaction was determined at 420 nm. Furthermore, activity of
ALP was determined according to Bessey et al. method [21], whereas AST and
ALT activities were measured by the procedure of Yan et al. [22] using a commercially available kit from Bio-Merieux. On the other hand urea, creatinine and
uric acid were determined using commercially available kits. Additionally, blood
sugar concentration was measured using a device called a continuous glucose
monitor (CGM). Similarly, blood Electrolyte measurement was conducted using
Micro Lab Electrolyte Analyzer Na/K/Cl, for Laboratory Panel; and finally complete blood count (CBC) was done using the standard method for routine analysis.
DOI: 10.4236/health.2021.139078
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2.3. Statistical Analysis
Average and standard deviation were calculated for the samples collected and
measured in the same day, alternatively, the measured data were compared to
the corresponding value of the reference dose.

3. Results and Discussion
3.1. Descriptive Observation and Background of the Poisoned
Cases
Five poisoning cases, five children, one male and four females came to the main
hospital in southern Gaza, suffering from organophosphate poisoning and one
of them suffered from scorpion bite. Collecting the information from children
parents indicates that the children were poisoned with different insecticides
along with a scorpion bitten child. Figure 1 shows chemical structure, name of
poisoning materials and toxicity class of each poison. It is clear that the poisoning materials are organophosphate insecticides. These poisoning materials are
Tetraethyl pyrophosphate, Methamidophos, Chlorpyrifos and Malathion. These
compounds belong to the following toxicity classes: extremely toxic (Tetraethyl
pyrophosphate) LD50 1.12 mg/kg bw, (Toxicity class Ia); highly toxic (Methamidophos), Mammals-Acute oral LD₅₀ of 30 mg/kg bw, and toxicity class Ib;
Chlorpyrifos moderately toxic (Toxicity class II) has Mammals-Acute oral LD₅₀
of 66 mg/kg bw; and malathion slightly toxic (Toxicity class III), has MammalsAcute oral LD₅₀ of 1778 mg/kg bw. The common sense of these compounds are
that they organophosphate insecticides, having high water solubility such as

Figure 1. Name, chemical structure, lethal dose (LD50), and toxicity class of the poisoning
materials.
DOI: 10.4236/health.2021.139078
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Tetraethyl pyrophosphate (1000,000 mg/L); Methamidophos (200,000 mg/L);
malathion (148 mg/L); and Chlorpyrifos (1.05 mg/L). In addition, Log P values
are 2.94, −0.79, 4.7 and 2.75 for Tetraethyl pyrophosphate, Methamidophos,
Chlorpyrifos and malathion respectively [23].
As it is clear above, the highest water-solubility insecticides have the lowest
LD50 (highest toxicity). The explanation of this argument is that high water solubility may enable fast transfer of the toxic materials through blood stream hence
reaching the target sites more rapidly than low water solubility insecticides as for
malathion or chlorpyrifos. On the other hand, Log P value has a critical rule in
transferring toxic materials through blood barrier.
So far, Table 1(a) shows number of cases involved in the study, age in years,
and sex groups of the poisoned cases. Additionally, blood pressure (BP), pulse,
temperature, name of poisoning materials, and responses of eye to toxic substances. It can be seen that the presented cases are four female and one male
child. Moreover, it appears from BP that all cases have blood pressure lower than
the reference range (Table 1(b)). On the other hand, heartbeats are lower than
reference range Table 1(b). These data suggest potential cardiotoxicity of the
presented cases.

3.2. Potential Cardiotoxicity of the Cases
Due to reduced blood pressure and heartbeat, and breath shortness, an electrocardiogram (ECG) of each case was measured and presented in Figure 2. It can
be seen that different shapes and magnitudes of cardiograms are produced.
These data suggest different type of cardiotoxicity are emerged from the exposure
Table 1. (a) Some toxicity parameters; (b) reference range of heart rate (beat per minute)
and blood pressure among different child age.
(a)
Case #

Age
(year)

Sex

Blood
pressure

Pulse

Temp
˚C

Pupil

Poison

1

1

M

90/62

89 - 93

37

RRR

Malathion

2

3

F

95/65

90 - 95

37

RRR

Tetraethyl pyrophosphate

3

3

F

92/63

90 - 92

37

RRR

chlorpyrifos

4

2

F

90/60

85 - 87

37

RRR

Scorpion bite

5

4

F

100 - 105

70/40

37

RRR

Methamidophos

(b)

DOI: 10.4236/health.2021.139078

Blood pressure Ref [25]

Age year

Normal heart rate
Ref [24]

Systolic

Diastolic

<1

80 to 160

87 - 105

53 - 66

1 - 2.99

80 to 130

95 - 105

53 - 66

3.00 - 3.99

80 to 120

95 - 110

56 - 70

4.00 - 5.99

75 to 115

97 - 112

57 - 71
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Figure 2. Electrocardiogram of the each poisoned case. Case # is shown in each case. The
denoted case number in the box is the same number in the table below.
DOI: 10.4236/health.2021.139078
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to toxic materials. The common sense among the cardiograms are they have
similar electricity disturbances and similar features of abnormalities, probably
due to similar mode of toxicity of the poisoning materials. So far, the following
heart complications may be suggested due to poisoning.
3.2.1. Electrolyte Disturbances and/or Imbalances
Electrolytes are the ionized salts in blood such as [Na+Cl−], [K+Cl−] and [Cl−Ca+Cl−]
which are electricity-conducting particles in the body that help keep the heart
muscle beating in rhythm. If electrolytes in the body are imbalanced, and or
disturbed, an abnormal ECG reading may happen.
3.2.2. Heart Attack
During a heart attack, blood flow in the heart is affected and heart tissue can begin to lose oxygen. This tissue will not conduct electricity as well, which can
cause an abnormal ECG.
3.2.3. Heart Rhythm Abnormalities
A heart typically beats in a steady rhythm. An ECG can reveal if the heart is
beating out of rhythm or sequence. Exposure to pesticides can affect a heart’s
rate and rhythm and may cause arrhythmias. Electrolyte imbalances, Heart attack, and Ischemic heart.

3.3. Effect of Poisons on Blood Parameters
Table 2 shows the blood parameters of the poisoned cases. So far, WBCs exist in
the blood, the lymphatic system, and tissues and are an important part of the
body’s natural defense (immune) system. They act against infections and have a
role in inflammation, and allergic reactions. Their numbers are nearly stable in
the blood system of a healthy child. However, their count may temporarily shift
higher or lower depending on what is going on in the body. For instance, blood
disturbance can stimulate bone marrow to produce a higher number of neutrophils to fight against blood disturbance. In general, a bacterial infection, allergies, and poisoning may enhance the formation of WBCs in the blood system
Table 2. Blood parameters of poisoned cases.
Blood parameters

DOI: 10.4236/health.2021.139078

Case #

Ref rate

1 (M)

2 (F)

3 (F)

4 (F)

5 (F)

WBC

5.9

13.1

8.9

10.0

11.2

(5 - 21) k/μl

RBC

3.69

4.68

4.69

4.75

4.38

(3.9 - 5.9) m/μl

HGB

9.1

11.9

12.5

12.2

11.8

(11.5 - 15.5) g/dL

HCT

27.8

34.8

37.3

36.7

36.4

(31 - 66) %

MCH

24.7

25.4

26.7

25.7

26.9

(24 - 37) pg

MCHC

32.7

34.2

33.5

33.2

32.4

(30 - 37) g/dL

PLT

251

244

215

310

198

(150 - 450) k/μl
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and increased number above the lower limit. So far, the WBCs number may go
back to the normal range if the causing factors disappear. For our poisoning
cases, it appears that WBCs counts increased with different ranges above the
lower limit in all cases, but they are still lower than the upper limit (Table 2).
The lowest increase was with malathion poisoning (case 1) whereas the highest
increase was with Methamidophos poisoning (case 5). Scorpion bit (poisoning
case 4) showed elevated levels of WBCs count. In the above-mentioned poisoning cases blood responded to poisoning through antibody-antigen reaction. This
explanation is in accordance with Jiang et al., [26], and Cifuentes [27] who reported antibody-antigen reactions with other cases.
Additionally, red blood cells (RBCs), also called erythrocytes, are produced in
the bone marrow and released into the bloodstream when they mature. They
contain hemoglobin, a protein that transports oxygen throughout the body. So
far, a number of factors and conditions can affect the production of new RBCs
and/or their lifespan, in addition to those conditions that may result in significant bleeding. For instance (Table 2), RBCs are increased above the lower limit
of most cases except case 1. This increase may due to the reason of poisoning
cases.
Furthermore, platelets (PLT), also called thrombocytes, are actually tiny cell
fragments that circulate in blood and are essential for normal blood clotting.
When there is an injury and bleeding begins, platelets help stop bleeding by adhering to the injury site and clumping together to form a temporary plug. They
also release chemical signals that attract and promote clumping of additional
platelets and eventually become part of a stable blood clot at the site of the injury
that remains in place until the injury heals.
If there is a poisoning a disease or condition that causes low platelets (thrombocytopenia) or dysfunction of platelets. This condition may increase risk of excessive bleeding. On the other hand at an excess of platelets (thrombocytosis), a
possible blood clotting may occur. If this happens in the heart muscles, myocardial infarction may occur resulting in cardiotoxicity. For the cases in Table 2,
platelets counts were increased above the lower limit of the reference range suggesting the involvement of PLT in toxicity/de-toxicity reactions.
In general, the increases of blood parameters above the lower limit indicate
the interaction of blood system toxicity/de-toxicity reactions. If the increase exceed the upper limit of blood parameters this indicate sever blood poisoning.

3.4. Effect of Poisons on Blood Electrolytes
Table 3 shows the changes of electrolytes, sodium, potassium and chloride ions,
(Na+, K+, Ca2+) concentration in poisoning cases. So far, sodium (Na+) is the
major positive ion (cation) in fluid outside of cells. When combined with chloride ion (Cl−), the resulting substance is table salt NaCl. Sodium regulates the
total amount of water in the body and the transmission of sodium into and out
of individual cells also plays a role in critical body functions. Many processes in
DOI: 10.4236/health.2021.139078
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Table 3. Sodium, potassium calcium and other parameters of poisoned cases.
Ion name

Case #

Ref rate

1 (M)

2 (F)

3 (F)

4 (F)

5 (F)

Na+

141

143

143

nd

144

(135 - 145) mmol/L

K+

5.5

4.4

6.0

nd

2.8

(3.6 - 5.1) mmol/L

Ca2+

9.6

11.6

8.8

nd

10.04

(8.4 - 10.2) mmol/L

the body, especially in the brain, nervous system, and muscles, require electrical
signals for communication. The movement of sodium is critical in the generation of these electrical signals. So far excess of Na+ ion concentration (hypernatremia) or a decrease concentration (hyponatremia) may occur due to different
disturbances resulting in a disturbance of polarization and depolarization potential of the nerve system supporting the heart, leading to cardiotoxicity. For the
poisoning cases in Table 3. It appeared that Na+ ion increased above the lower
limit suggesting a nerve disturbance due to poisoning case. Na+ ion increase was
more pronounced in case five than all cases suggesting a sever effects of poison.
On the other hand, potassium (K+) is the major positive ion (cation) found inside of cells. A seriously abnormal increase in potassium (hyperkalemia) or decrease in potassium (hypokalemia) can profoundly affect the nervous system and
increases the chance of irregular heartbeats (arrhythmias), which, when extreme,
can be fatal. Additionally, Ca-ion showed similar response to poisoning (Table
3).
In general, concentration of electrolytes are above the lower limit or the reference range (Table 3), except K ion in case 5 is below the lower limit of the reference range. These data indicate the disturbance and imbalance of the electrolyte concentration. This is in accordance with the disturbances in the electrocardiogram (Figure 2).

3.5. Effect of Poisons Urea, Creatinine and Glucose
Moreover, Table 4 shows the changes in urea, creatinine, glucose concentrations
and the activities of AChE, ALT, AST and ALP.
It is obvious that urea concentration increased above the lower limit in poisoning cases 1, 3 and 4; and increased above the higher limit in poisoning cases 2
and 5. In fact, urea is a nitrogen-metabolic waste product that forms during the
metabolism of protein. It is released by liver into the blood and being filtered out
of the blood and eliminated in the urine by the kidney. Accordingly, urea level in
blood serum is bioindicator of healthy kidney. High urea levels in blood serum
(above range) suggest that kidneys are not working well. This may occur due to
cardiotoxicity, heart failure. Similarly, creatinine is another waste product that is
produced by the body’s muscles and is eliminated by the kidneys.
High creatinine level in blood serum (above range) suggest some failure of
kidney function. This may occur in response to exposure to pesticides [10]
and/or cardiotoxicity and heart failure (Figure 2). So far, creatinine level in
DOI: 10.4236/health.2021.139078
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Table 4. Activities of urea, creatinine, glucose, AChE, ALT, AST and ALP profile of poisoned cases.
Enzyme

Case #

Ref range

1 (M)

2 (F)

3 (F)

4 (F)

5 (F)

Urea

16

31

20

28

31

(5 - 30) mg/dl

Creatinine

0.5

0.6

0.48

0.47

0.8

(0.3 - 0.7) mg/dl

Glucose

118

170

103

82

334

(80 - 120) mg/dl

AChE

7210

3869

4583

8569

390

(5000 - 8000)

ALT

nd

nd

21

26

15

0 - 43

AST

nd

nd

23

41

43

0 - 31

ALP

nd

nd

644

703

719

50 - 250

blood serum is above the lower limit in most case and above higher limit in case
5. This suggests sever effect in case 5.
Furthermore, glucose level in blood serum jumped to be close the upper limit
in poisoning case 1 (malathion poisoning), exceeded the upper limit in case 2
(poisoning with Tetraethyl pyrophosphate), above the lower limit in chlorpyrifos
poisoning (case 3), close to the lower limit in scorpion bit (case 4) and several
times higher than upper limit of reference range in case 5 (Methamidophos poisoning).
The explanation of these results is that exposure to OP insecticides such as
those presented in Figure 1 may disturb the metabolic pathways of food resulting in an increase of glucose level in blood. This explanation is in agreement
with previous reports [28] [29] that revealed significant glucose level changes
due to exposure to OP insecticides. Additionally, metabolic diseases, biochemical, metabolic alterations [30]. Furthermore, chlorpyrifos has a high log P value
(Figure 1), this enable lipid solubility and possible deposit in the liver [31]. Liver
has an essential role in blood-glucose modulation such as glycogenesis, glycogenolysis, and gluconeogenesis [32]. So far chlorpyrifos may disrupts glucose
modulation leading to hyperglycemia or hypoglycemia, based on the time and
dose of exposure. Previous results showed increased level of blood glucose
(3.3-fold) higher in malathion exposed rats than in the control group indicating
alteration of glucose homeostasis due to toxicity [33]. In contrast, Farkhondeh et

al. [34] found that exposure with organophosphate pesticides may suppress excessive blood glucose levels with no effect on the basal blood glucose in the fasting adult male mice.
Furthermore, Table 4 shows a slight reduction in AChE activity in poisoning
with malathion (poisoning case 1) and sever reduction in poisoning with Tetraethyl pyrophosphate, and chlorpyrifos, poisoning cases 2 and 3 respectively.
Additionally, an extreme reduction in AChE activity was observed Methamidophos (poisoning case 5). In contrast a slight increase in AChE activity in poisoning case with scorpion bit (poisoning case 4). This indicates that scorpion
DOI: 10.4236/health.2021.139078
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venom has no effect on AChE activity. On the other hand, scorpion venom
caused blood disturbance through antigen antibody reaction as shown by WBC
elevation in case 4 (Table 2). On the other hand, changes in ALT activity in all
case did not exceed the upper range. Meanwhile, tremendous increases in the activities of AST, and ALP were observed in poisoning cases 3 - 5. The activity of
each enzyme increase above the higher limit suggesting potential liver damage.
It is well know in the literature that OP insecticides are strong inhibitors to
AChE. This is in accordance with the explanation given above.

3.6. Clinical Aspects of Poisons
Furthermore, clinical symptoms associated with poisoning cases are shown in
Table 5.
Table 5 shows the following clinical symptoms, (anorexia, diarrhea, headache,
nausea, vomiting, weakness) appeared in poisoning case 1 and 2.
The explanation of these symptoms is that at a certain inhibition to AChE,
acetylcholine base tends to accumulation in the synaptic gaps. Under this condition,
Table 5. Clinical symptoms of poisoned cases.
Clinical symptoms

DOI: 10.4236/health.2021.139078

Case #

Ref range

1 (M)

2 (F)

3 (F)

4 (F)

5 (F)

Anorexia

-

√

-

-

-

0

Diarrhea

√

√

-

-

-

0

Headache

√

-

-

-

-

0

Nausea

-

√

-

-

-

0

Weakness

√

-

-

-

-

0

-

-

0

Vomiting

√

√

-

Pain

-

-

-

√

-

0

Tingling

-

-

-

√

-

0

Sensation

-

-

-

√

-

0

Blurry vision

-

-

-

√

-

0

Convulsion

-

-

-

√

-

0

Unconsciousness

-

-

-

√

-

0

Very narrowed pupils

-

-

-

-

√

0

Confusion

-

-

-

-

√

0

Body sectarian

-

-

-

-

√

0

Sweeting

-

-

-

-

√

0

Saliva

-

-

-

-

√

0

Mucous

-

-

-

-

√

0

Tears

-

-

-

-

√

0

Irregular heart beat

-

-

-

-

√

0

Respiratory depression

-

-

-

-

√

0
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the muscles may stop responding to the high synaptic levels of ACh, leading to
flaccid paralysis (a neurological condition characterized by weakness, paralysis,
or reduced muscle tone), respiratory failure, and other symptoms such as mentioned above. At this case, the stimulation occurred on the nicotinic receptors.
On the other hand at sever poisoning; large fraction of acetylcholine base is accumulated in the synaptic gaps resulting in over stimulation in the cholinergic
and muscarinic receptors. At this case symptoms similar to that in poisoning
case 3 and 5 may appear.
Moreover, appearance of symptoms such as increased sweating, salivation,
bronchial secretions are in accordance with the ECG (Figure 2).
Additionally, increased cholinergic stimulation include: salivation, lacrimation, urination, defecation, gastrointestinal distress, vomiting, miosis, and muscle spam. It can be suggested that a low accumulation of acetylcholine in the
synaptic gap cholinergic symptoms may appear as those in poisoning cases 1 and
2 whereas at high accumulation of acetylcholine in the synaptic gap muscarinic
symptoms may appear such as those in poisoning case 3 and 5. These symptoms
are in accordance with the inhibition levels of AChE (Table 4)

3.7. Heart Complication among Exposed Population
Heart complication or cardiotoxicity may occur due to acute organophosphate
poisoning which cause arrhythmias, hyper pressure [35] and created low blood
pressure in dimethoate poisoned cases [36]. Organophosphate (OP) insecticide
poisoning created tachycardia, ventricular fibrillation, and bradycardia among
poisoned children [37]. Recently, El-Nahhal and El-Nahhal [6] discussed in details the cardiotoxicity among population caused by different pesticides and also
provided alternative nutritional to pesticide antidote.

3.8. Mechanisms of Cardiotoxicity
In acute or chronic organophosphate poisoning cases, the OP insecticide inhibits
acetylcholinesterase in the nervous system supporting the heart. The degree of
inhibition depends on the chemical structure of OP insecticide, its solubility in
blood and Log P value as elaborated above. This may result in convulsions, tremors, and paralysis creating cardia disorders. In acute poisoning accumulation of
acetylcholine may take place in synaptic gaps in the heart-supporting nervous system, causing cardiac disorders [38]. This may lead to a muscarinic syndrome characterized by miosis in the eyes, profuse secretions, bradycardia, bronchoconstriction (tightness in the chest and wheezing) as shown for the poisoning cases
mentioned above, in accordance with previous reports [39]. However, cardiac
problems in cases of organophosphate poisoning were observed with malathion
[40], and chlorpyrifos [41] [42] [43] [44].
Modeling the Heart Toxicity
Equation (1) describes the potential mechanism of cardiotoxicity,
DOI: 10.4236/health.2021.139078
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=
[ t-AChE
] [f-AChE ] + [ b-AChE ]

(1)

where, [t-AChE], [f-AChE], [b-AChE], are the concentration of total, free and
bound form of acetylcholinesterase in human body, respectively.
At normal condition [f-AChE] is higher than bound form, accordingly [bAChE] is extremely low as in Equation (2).

[f-AChE ] > 1
[ b-AChE ]

(2)

Thus, we have a range of enzyme activity.
At a certain level of cardiotoxicity, the concentration of the f-AChE tend to
decrease and concentration to decrease of b-AChE tend to increase to a certain
point. This is the starting point of appearance of clinical symptoms of toxicity.
Progressively, the free form of enzyme becomes equal to the bound form as in
Equation (3) at which point, the toxic symptoms tend to increase.

[f-AChE ] = 1
[ b-AChE ]

(3)

At a late stage of toxicity, if the case continues without medical interference
the free enzyme form becomes less than bound form and under this condition,
cardiotoxicity become severe and the patient may become unconscious as in
Equation (4).

[f-AChE ] < 1
[ b-AChE ]

(4)

If Equation (4) continues for a long time, the patient may be dead or severe
damage may occur to the heart.

3.9. Advantages and Disadvantages of Using Anti-Poisoning
Medical Drugs
It has been shown that using atropine; obidoxime (standard medical treatments
for poisoning) [45] [46] [47], and benzodiazepines as neuroprotectants and anticonvulsants [48] successfully recovered the poisoning in few cases of OP poisoning and many cases of carbamate-poisoning. In contrast, the use of a muscarinic antagonist, e.g., atropine has been associated with an increased prevalence
of myopia among populations using atropine [49], photophobia and slowing eye
growth and visual side effects [50]. Injection of obidoxime caused many disadvantages (e.g., nausea, pyrosis, headache, weakness, and sore throat) [51].

3.10. Alternatives of Medical Treatment for Cardiotoxicity
Here below, we provided naturally occurring material (vitamin C, vitamin E,
curcumin, quercetin, selenium, chrysin, and garlic extract) as suitable dietary
materials to replace the use atropine; an oxime, mostly pralidoxime or obidoxime for curing poisoning cases.
It has been shown that melatonin chrysin. And N-acetyl cysteine] treatments
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were successful in curing oxidative stress biomarkers induced by AlP in cardiac
tissues.
Ginger and zinc chloride cured histopathological damage in the liver and
kidney induced by malathion toxicity in rats [6] [52]. Noteworthy, Ziziphora extract (an antioxidant), cured oxidative stress caused by chlorpyrifos in lung tissue in rat [53]. Similarly, Propolis cured hyperglycemia caused by chlorpyrifos [54].
Vitamin C reduced the levels of superoxide dismutase, glutathione-S-transferase, in
cardiac tissues induced by diazinon in male Wistar rats similar observation was
reported with vitamins E and C in combination.in rats [55]. Additionally, gavage
of ginger juice and garlic extract activated neuro-enzymes and curing the tissue
damage induced by dichlorvos in Wistar rats [56].

3.11. Mechanism of Poisoning Recovery by the Use of Alternatives
Mechanisms of cardiotoxicity recovery is described below.
Hear complication (cardiotoxicity) caused by pesticides may be described by
Equation (5), where OPi and AChE represent free organophosphate insecticide
and free enzyme, respectively. At a certain level of organophosphate insecticide
exposure, free enzyme E becomes bound to free pesticide (OPi), forming a pesticide-enzyme complex that later results in cardiotoxic symptoms, as demonstrated
above.
OPi + AChE → [ OPAChEi ]

(5)

The use of alternative agent (A) may release of the bound enzyme from the
complex, Equation (6) resulting in a recovery of poisoning

[OPAChEi ] + A → [OPiA ] + AChE

(6)

However, an alternative agent that can provide protection to the active enzyme.
Equation (7) shows the potential ability of the alternative agent to directly
react with the pesticide molecule, forming a complex (OPiA) that does not allow
the pesticide molecule to react with active sites in the cardiovascular system, resulting in heart protection.
OPi + AChE + A → [ OPiA ] + AChE

(7)

These mechanisms are in accordance with recent report Ref [6].

4. Conclusions
This report highlights the cardiotoxicity among children and shows the electrocardiogram changes, hematological changes, and biochemical changes due to
poisoning. The report shows the toxicity groups and chemical class of poisons
among children. The poisons were organophosphate insecticide from toxicity
classes Ia, Ib, II, and III.
The report provides some alternative agents to medical drugs that successfully
managed some cases elsewhere. Vitamin C, vitamin E, curcumin, quercetin, selenium, chrysin, and garlic extract showed great ability to cure poisoning.
DOI: 10.4236/health.2021.139078
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In conclusion, this report provides scientific evidence of cardiotoxic pesticides
among children and potential alternative medical agents for cardiotoxicity.
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