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Abstract
Introduction: Oganophosphorus compounds (OP) bind to acetylcholinesterase 
(AChE) and inactivate it. In the synaptic cleft, undestroyed and accumulated ace-
tylcholine produce the acute cholinergic effects. The aim of this study was to de-
termine the frequency, speed of onset and intensity of certain signs of paraoxon 
poisoning depending on dose and outcome of poisoning.
Methods: The study was conducted in adult Wistar rats. The median lethal dose 
(LD50) of paraoxon as well as protective ratio (PR) of atropine (10 mg/kg intramus-
cularly) was determined. Clinical signs of poisoning were observed: fasciculations, 
tremor, seizures, ataxia, piloerection, lacrimation, exophthalmos, bizzare/stereo-
typic behaviour and dyspnoea. The time from paraoxon injection to the first ap-
pearance of the sign of poisoning was recorded as well as the intensity of poisoning 
with evaluation at 10 time intervals throughout the 4 h observational period. 
Results: The LD50 of paraoxon was 0.33 mg/kg (subcutaneously) and PR of atro-
pine was 2.73. Dose-dependent, piloerection occurred more often (p = 0.009) and 
at higher intensity (p = 0.016) at higher doses. Fasciculations, tremor, seizures and 
ataxia occurred significantly earlier at higher doses of paraoxon (p = 0.015, 0.002, 
0.021 and 0.016, respectively), as well as the intensity of seizure, tremor and fascic-
ulation. Piloerection (p = 0.002) and seizures occurred more frequently (p = 0.009) 
in non-survivors. Fasciculations, tremor, seizures and ataxia occurred significantly 
earlier and at higher intensity in non-survivors (p < 0.001, for all parameters), as 
well as dyspnoea (p = 0.009 and p = 0.048). In atropine-protected rats, nicotinic 
effects persevered, so they were the prognostic parameter of the severity of the 
poisoning. 
Conclusion: Seizures and fasciculations followed by tremor were strong prognos-
tic parameters of the probability of lethal outcome of paraoxon poisoning. Also, the 
mentioned poisoning signs were with their intensity and speed of occurrence in 
a clear positive correlation with the administered dose of paraoxon. Even at high 
doses of paraoxon, atropine blocked the muscarinic (but not nicotinic) effects and 
somewhat mitigated the CNS toxic effects.
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Introduction

In the body, organophosphosphorus compound 
(OPC) binds to the serine group of the enzyme 

acetylcholinesterase (AChE, EC 3.1.1.7), phos-
phorylates it and creates a stable covalent bond 
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Animals
The study was conducted in adult male and fe-
male Wistar rats, weighing 200-240 g, purchased 
from Faculty of Natural Sciences and Mathemat-
ics, University of Banja Luka, the Republic of Srps-
ka. The animals had access to food and water ad 
libitum. The room temperature was maintained 
at 20-22 0C, with a 12 h light and dark cycle. The 
study was approved by Ethics Committee for the 
Protection and Welfare of Experimental Animals 
in Biomedical Research, Faculty of Medicine, Uni-
versity of Banja Luka (Decision No 18/1/20). 
During the entire experiment, the “Guiding princi-
ples in the care of and use of laboratory animals” 
have been observed.

Chemicals
Paraoxon was purchased from Sigma Aldrich, St 
Louis, MO, USA. Application volume of the chem-
ical was 1 mL/kg. Paraoxon was injected subcuta-
neously (sc) into the abdominal region, while atro-

Methods

with it.1 By binding to it, AChE becomes inactive 
and cannot perform its function, which is the 
breakdown of acetylcholine in the synaptic cleft.2 
Accumulated acetylcholine (ACh) stimulates var-
ious postsynaptic cholinergic receptors and ex-
hibits its acute cholinergic effects: muscarinic 
(bronchorrhoea, bronchoconstriction, bradycar-
dia, hypotension, miosis, hypersalivation, lacrima-
tion, nausea, vomiting, increased motility of the 
bowels and of the bladder), nicotinic (mydriasis, 
tachycardia, hypertension, fibrillation, fascicula-
tion and necrosis of skeletal muscles) and central 
(tremor, convulsions, motor incoordination, re-
spiratory depression and coma).3 Besides acute 
cholinergic crisis, OP poisoning can manifest itself 
as intermediate syndrome, organophosphate-in-
duced delayed neuropathy (OPIDN) and chronic 
organophosphate-induced neuropsychiatric dis-
order due to long-term low-level exposure.4

The OP-AChE bond does not spontaneously dis-
sociate (hydrolyses) in the body, which is why 
OPs are called irreversible AChE inhibitors. The 
bond can be separated using AChE reactivators, 
so-called oximes, which are causal antidotes in 
OP poisonings.5 Unfortunately, the diversity of 
OPs makes oximes insufficiently universal and ef-
fective antidotes.6 An additional limitation of its 
efficacy is the process of dealkylation (so-called 
“ageing”) through which the OP-AChE bond pass-
es, after which it is not possible to separate OP and 
AChE.7 Ageing in some OPCs like the nerve agent 
soman is measured in minutes, while in organo-
phosphorus insecticide (OPI) it is mostly mea-
sured in days.8

Although oximes are the only causal antidotes, 
their insufficient efficacy, especially in clinical 
practice, makes anticholinergic drugs still the 
main antidotes in OP poisoning. The most com-
monly used and most available anticholinergic 
drug is atropine, which blocks the muscarinic ef-
fects of OP poisoning, but not the nicotinic ones.9 
The contribution to the protective effect of atro-
pine is its lipophilicity, ie the ability to penetrate 
the CNS. There is an assumption whether more 
lipophilic anticholinergics would have better pro-
tection against OP poisoning than atropine. How-
ever, there are no clinical studies to corroborate 
this notion.

In addition to atropine and oximes (pralidox-
ime and obidoxime), anticonvulsants, primarily 
diazepam and midazolam, are also used in the 
treatment of OP poisoning. Anticonvulsants are 

important, especially when the fact that the fatal 
outcome in OP poisoning most often occurs due 
to seizures and respiratory failure is taken into ac-
count.10, 11

Although most developed countries have banned 
the use of the most toxic pesticides, OPI poison-
ings, especially the intentional ones, are still com-
mon, especially in undeveloped and developing 
countries.12, 13 Unfortunately, due to the high tox-
icity of OPCs, they continue to be abused for ter-
rorist purposes and as nerve agents (tabun, sarin, 
soman and VX).14 Paraoxon (diethyl (4-nitrophe-
nyl) phosphate) is the active metabolite of the OPI 
parathion.15 Due to its toxicity and chemical char-
acteristics, it serves as a good experimental tool 
in the field of research of toxicity of nerve agents.

The aim of the study was to determine whether 
increasing doses of paraoxon affect the rate and 
intensity of signs of poisoning with an AChE inhib-
itor. The aim was also to determine whether the 
speed of onset and intensity of the appearance of 
certain signs of poisoning can be a prognostic sign 
of the fatal outcome of poisoning. In addition, the 
goal was to determine how clinical signs are man-
ifested at high (> LD100) doses of paraoxon in the 
presence of an antidote (atropine).
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Results

Paraoxon
a) Dose
The LD50 of paraoxon was 0.33 mg/kg sc (95 % CI: 
0.31 - 0.36). In all rats, death occurred in the first 
hour of poisoning (mean ± SD: 19.19 ± 6.19, 95 % 
CI: 16.37 - 22.01).

Fasciculations occurred in 85.71 % of all rats, pi-
loerection in 50.00 %, exophthalmos in 95.23 %, 
lacrimation in 54.76 %, tremor in 97.62 %, sei-
zures in 83.33 %, ataxia in 66.67 %, stereotypic 
behaviour in 69.05 % and dyspnoea in 26.19 % 
rats.

The frequency of symptoms at different doses of 
paraoxon was not significant, except in the case 
of piloerection, where it occurred after doses of 
paraoxon 0.2, 0.3, 0.35 and 0.4 mg/kg in 0 %, 
33.33 %, 66.67 % and 75.00 %, respectively (χ2 = 
11,667, p = 0.009). The onset rate of poisoning 
clinical signs at different doses of paraoxon is 
shown in Table 1. Bizzare-stereotypic behaviour, 
although frequent (69.05 % of all animals), was 
not significantly different in either the intensity 
or the rate of sign on any parameter (data not 
shown).

Fasciculation, tremor, seizures, and ataxia oc-
curred significantly earlier at higher doses of 
paraoxon. The intensity of signs measured 15 min 
and 4 h after paraoxon application relative to the 
dose applied is shown in Table 2. The time-point 
of 15th minute was taken as the time period when 
most of the signs of poisoning were manifested, 
yet most of the rats were still alive, and the time 
period of 4th hour was taken as the end of the ob-
servation period.

In the presented time intervals (15 min and 4 h 
after paraoxon), the intensity of seizures, trem-
or and fasciculations increased significantly with 
increasing doses. Piloerection was significantly 

pine was administered intramuscularly (im) into 
the right thigh. Stock solution of paraoxon (100 
mg/mL) was dissolved in isopropyl alcohol. Final 
dilution for sc administration was made from sa-
line (0.9 % NaCl) before injection. Atropine sul-
phate monohydrate was dissolved in saline up to 
the concentration of 10 mg/mL

Study design
In these experiments, lethality of paraoxon and an 
antidote potential of atropine was based on the 
24 h survival.

a) Paraoxon and saline
Increasing doses of paraoxon were administered 
sc. Each group consisted of 6 rats and doses were 
determined by the “up and down” method (doses 
were: 0.2, 0.3, 0.35, 0.4 mg/kg). One minute after 
paraoxon injection, rats were injected with 1 mL/
kg saline im. Based on the 24 h lethality, median 
lethal dose (LD50) was calculated.

b) Paraoxon and atropine
Increasing doses of paraoxon were administered 
sc (doses were: 0.6, 0.9, 1.2 mg/kg). Each group 
consisted of 6 rats and doses were determined by 
the “up and down” method. One minute after the 
injection of paraoxon, the rats were injected with 
10 mg/kg of atropine im. The outcome was pro-
tective ratio (PR) ie, ratio of LD50 in protected and 
in unprotected rats.

c) Clinical signs of poisoning
The following clinical signs of poisoning were 
observed: fasciculations, tremor, seizures, atax-
ia, piloerection, lacrimation, exophthalmos, biz-
zare/stereotypic behaviour, dyspnoea. The time 
from paraoxon injection to the appearance of the 
sign of poisoning was recorded. The intensity of 
poisoning was recorded as: 0 - absent, 1 - mild / 
moderate, 2 - severe. Evaluation was performed 
in the 5th, 10th, 15th, 30th, 60th, 90th, 120th, 
150th, 180th, 210th, and 240th minute. To anal-
yse the intensity of symptoms throughout the 
observed period (4 h), ToxScore was introduced, 
as a parameter that summed the intensity of each 
sign in all time intervals. TotToxScore was a mea-
sure that represented the sum of all ToxScore for 
one animal.

Statistics
The LD50 values were computed by means of the 
Pharm/PCS statistical software, according to 
the Litchfield and Wilcoxon (1949).16 IBM SPSS 

21.0 software was used for other statistical pro-
cedures. After the normality of data distribution 
was analysed (Kolmogorov–Smirnov test), the 
appropriate parametric / nonparametric test was 
used (Student t-test / Man-Whitney U test, One 
Way ANOVA / Kruskal-Wallis test) as well as Chi-
Squared test for categorical data.
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Table 1: Onset rate of clinical signs of poisoning at different dos-
es of paraoxon (minutes after application of paraoxon)

ToO – time of occurrence (minutes after application of paraoxon)
* Kruskal-Wallis test, **One-Way ANOVA, Red colour – statistically significant
Values: mean ± standard deviation

Sign (ToO) 0.2 0.3 0.35
p

value0.4

Fasciculations

Tremor

Seizures

Ataxia

Piloerection

Exophthalmos

Lacrimation

Dyspnoea

35.67 ± 17.95

24.60 ± 7.92

35.25 ± 20.81

47.60 ± 28.02

 - 

7.00 ± 3.46

28.60 ± 24.34

29.50 ± 4.95

34.25 ± 22.17

19.33 ± 14.18

24.78 ± 25.67

41.43 ± 51.82

6.50 ± 3.32

5.82 ± 3.63

39.50 ± 27.5

22.75 ± 12.53

20.83 ± 1.84

19.67 ± 31.29

18.10 ± 18.73

33.89 ± 63.30

7.75 ± 6.23

6.67 ± 3.75

19.67 ± 9.58

27.33 ± 24.85

12.70 ± 5.08

7.67 ± 1.83

10.42 ± 3.23

9.43 ± 3.10

7.00 ± 2.83

3.92 ± 2.07

17.00 ± 9.74

15.00 ± 7.07

0.015*

0.002*

0.021*

0.016*

0.972*

0.120*

0.412*

0.795**

Paraoxon dose (mg/kg sc)

higher at higher doses at the 15th min, however, 
it disappeared in all rats 45 min after poisoning.

To analyse the intensity of symptoms throughout 
the observed period (4 h), ToxScore was intro-
duced, as a sum of the intensity of each sign in all 
time intervals. A significant difference was found 
in ToxScore values   relative to dose regarding fas-
ciculations and seizures (Figure 1). Other param-
eters were not significant.

18.00

16.00

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

16.00

p = 0.012

p = 0.032

13.00

8.67

2.00

Pox: 0.2 mg/kg 0.3 mg/kg 0.35 mg/kg 0.4 mg/kg

4.67
5.67

9.60

5.33

ToxScore

Fasciculations Seizures

Figure 1: ToxScore for fasciculations and seizures relative to dose 
of paraoxon (Pox)
* Kruskal-Wallis test; ToxScore: the sum of the values of each sign in each point 
of time
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p = 0.485

Pox (sc)

TotalToxScore

Figure 2: Mean TotToxScore relative to dose of paraoxon (Pox)
*TotToxScore: the sum of the values of all sign in each point of time; Kruskal-Wallis 
test

TotToxScore is a measure that represents the sum 
of all ToxScores for one animal. TotToxScore val-
ues   are shown in Figure 2. Although the difference 
was not statistically significant, an increase in the 
value of TotToxScore is noticeable, as a joint pa-
rameter of the intensity and duration of signs of 

poisoning, especially at high doses.
b) Survival
Analysing the frequency of clinical signs in relation 
to whether the rat survived or not, a significant 
difference was found regarding the piloerection: 
23.81 % of survivors and 76.19 % of non-survi-
vors had piloerection (χ2 = 11,524, p = 0.002). The 
same goes for seizure frequency (66.67 % in sur-
vivors vs 100.00 % in non-survivors have had sei-
zures, χ2 = 8,400, p = 0.009). The speed of onset of 
clinical signs of poisoning relative to whether or 
not the animals survived is shown in Table 3. All 
signs of poisoning occurred earlier in non-survi-
vors compared to survivors.

The intensity of the signs at 15 min after paraoxon 
application in relation to whether the rat survived 

* Kruskal-Wallis test, Red colour – statistically significant. Values: mean ± stan-
dard deviation (Intensity: 0 - absent, 1 - mild/moderate, 2 - severe)

Table 2: Intensity of clinical signs of poisoning 15 min and 4 h 
after administration of increasing doses of paraoxon 

Sign
(Intensity) 0.2 0.3 0.35

p
value*0.4

Fasciculations

      15th min

    240th min

Tremor

      15th min

    240th min

Seizures

      15th min

     240th min

Ataxia

      15th min

    240th min

Piloerection

      15th min

     240th min

Exophthalmos

      15th min

     240th min

0

0.33 ± 0.52

0.33 ± 0.52

0.17 ± 0.41

0

0

0

0.33 ± 0.52

0

0

1.00 ± 0.63

1.17 ± 0.98

0.45 ± 0.82

0.56 ± 0.52

0.82 ± 0.87

0.56 ± 0.53

0.91 ± 0.94

0.11 ± 0.33

0.45 ± 0.69

0.44 ± 0.88

0.27 ± 0.47

0

1.09 ± 0.53

1.22 ± 0.67

0.58 ± 0.67

0.56 ± 0.73

1.50 ± 0.67

1.00 ± 0.00

0.92 ± 0.79

0.40 ± 0.55

0.33 ± 0.49

1.00 ± 0.71

0.83 ± 0.72

0

1.50 ± 0.52

1.40 ± 0.55

1.11 ± 0.93

2.00 ± 0.00

1.78 ± 0.44

1.00 ± 0.00

1.67 ± 0.50

1.00 ± 0.00

0.44 ± 0.52

1.00 ± 0.00

0.67 ± 0.50

0

1.67 ± 0.50

2.00 ± 0.00

0.052

0.061

0.002

0.044

0.004

0.069

0.329

0.271

0.016

 - 

0.055

0.721

Paraoxon dose (mg/kg sc)
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Table 3: Onset rate of clinical signs of paraoxon poisoning in 
relation to whether rats survived or not

ToO – time of occurrence (minutes after application of paraoxon)
*Man-Whitney U-test, ** Student t-test, Red colour – statistically significant
Values: mean ± standard deviation

Sign (ToO) Survived

Fasciculations

Tremor

Seizures

Ataxia

Piloerection

Exophthalmos

Lacrimation

Dyspnoea

35.44 ± 16.94

26.40 ± 24.02

33.14 ± 23.74

52.33 ± 55.77

8.40 ±   5.64

6.60 ±   3.35

32.33 ± 22.28

33.67 ± 11.18

12.61 ± 4.25

7.38 ± 1.91

9.81 ± 3.12

8.77 ± 2.05

6.81 ± 3.97

4.70 ± 3.16

14.37 ± 6.59

12.00 ± 5.83

<0.001*

<0.001*

<0.001*

<0.001*

0.646*

0.025*

0.086*

0.004**

Yes No p-value

Table 4: Signs intensity at 15 min after paraoxon administration 
in relation to whether the rat survived or not

 * Man-Whitney U-test, Red colour – statistically significant. Values: mean ± standard 
deviation (Intensity: 0- absent, 1 - mild/moderate, 2-severe)

Sign (ToO) Survived

Fasciculations

Tremor

Seizures

Ataxia

Piloerection

Exophthalmos

Lacrimation

Dyspnoea

0.09 ± 0.44

0.71 ± 0.78

0.43 ± 0.75

0.19 ± 0.40

0.19 ± 0.40

1.14 ± 0.48

0.33 ± 0.48

0

1.17 ± 0.73

1.76 ± 0.44

1.59 ± 0.51

0.53 ± 0.62

0.88 ± 0.60

1.59 ± 0.62

0.18 ± 0.39

0.24 ± 0.56

<0.001

<0.001

<0.001

0.059

0.646

0.011

0.416

0.048

Yes No p-value*

or not is shown in Table 4.
Apart from lacrimation and stereotypy, all other 
signs were of higher intensity in non-survivors. 
The most significant difference in intensity was 
recorded in fasciculations, tremor and seizures, 
where high significance was found (p < 0.001).

Paraoxon and atropine
a) Dose
The PR of atropine was 2.73 (LD50 of paraoxon 
when atropine was administered 1 min after was 
0.91 mg/kg sc (95 % CI: 0.67 - 1.25)). In all rats, 
death occurred during the first hour of poisoning 
(mean ± SD: 14.00 ± 3.74, 95% CI: 10.87 - 17.13).
Fasciculations occurred in 77.78 % of all rats, pi-
loerection in 33.33 %, exophthalmos in 94.44 %, 
lacrimation in 22.22 %, tremor in 100.00 %, sei-
zures in 94.44 %, ataxia in 44.44 %, stereotypic 
behaviour in 38.89 % and dyspnoea in 55.56 % of 
rats.

In atropine-protected rats, the dose had a signifi-
cantly smaller effect on the speed and frequency of 

Table 5: Onset rate of clinical signs of poisoning at different 
doses of paraoxon with atropine protection (10 mg/kg im) (one 
minute after application of paraoxon)

ToO – time of occurrence (minutes after application of paraoxon)
* Kruskal-Wallis test, **One-Way ANOVA. Red colour – statistically significant
Values: mean ± standard deviation

Sign (ToO) Paraoxon dose (mg/kg sc)

Fasciculations

Tremor

Seizures

Ataxia

Piloerection

Exophthalmos

Lacrimation

Dyspnoea

28.83 ± 30.75

12.83 ± 5.85

18.20 ± 15.21

51.50 ± 79.20

4.33 ± 1.15

3.20 ± 1.64

111.00 ± 0.00

63.40 ± 46.47

7.60 ± 1.95

8.33 ± 1.03

9.50 ± 1.64

8.00 ± 2.83

6.00 ± 3.60

4.00 ± 2.89

105.00 ± 140.00

25.33 ± 31.77

10.33 ± 4.73

5.00 ± 2.19

8.50 ± 4.64

70.50 ± 85.56

5.17 ± 2.56

6.00 ± 0.89

6.00 ± 0.00

52.50 ± 44.55

0.038*

0.007*

0.170**

0.444*

0.507*

0.134*

0.632*

0.504**

0.6 0.9 1.2 p-value

Table 6: Intensity of clinical signs of poisoning 15 min and 4 h 
after the application of paraoxon and atropine (10 mg/kg, im, 
one minute after) depending on the dose of paraoxon

* Kruskal-Wallis test, Red colour – statistically significant. Values: mean ± stan-
dard deviation (Intensity: 0 - absent, 1 - mild/moderate, 2 - severe)

Sign
(Intensity) 0.6 0.9 1.2 p-value*
Fasciculations

      15th min

    240th min

Tremor

      15th min

    240th min

Seizures

      15th min

     240th min

Ataxia

      15th min

    240th min

Dyspnoea

      15th min

     240th min

0.89 ± 0.37

1.00 ± 0.00

1.17 ± 0.41

0.67 ± 0.52

0.83 ± 0.98

0

0.33 ± 0.52

0.33 ± 0.52

0.17 ± 0.41

0.33 ± 0.52

0.71 ± 0.32

1.00 ± 0.00

2.00 ± 0.00

1.00 ± 0.00

2.00 ± 0.00

0.50 ± 0.71

0.40 ± 0.55

0.50 ± 0.71

0.20 ± 0.45

0.50 ± 0.71

0.55 ± 0.24

2.00 ± 0.00

1.8 ± 0.45

1.00 ± 0.00

2.00 ± 0.00

2.00 ± 0.00

0.20 ± 0.45

2.00 ± 0.00

0.40 ± 0.89

1.00 ± 0.00

0.613

0.011

0.015

0.472

0.017

0.022

0.797

0.073

0.961

0.301

Paraoxon dose (mg/kg sc)

symptoms. The frequency of any poisoning signs 
was not affected by the dose. As for the onset of 
clinical signs manifestation, a significant differ-
ence was found only in fasciculations (p = 0.038) 
and tremor (p = 0.007) (Table 5).

The intensity of the signs persisted throughout 
the observation period. The intensities of certain 
symptoms at 15th min and after 4 h relative to 
the dose are shown in Table 6. The cross-section 
at the 15th minute was taken as the time period 
when most of the signs of poisoning were present, 
yet most of the rats were still alive, while the 4th 
h was taken as the end of the observation period.
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Table 7: Onset rate of clinical signs of paraoxon poisoning with 
atropine administration in relation to whether rats survived or 
not

ToO – time of occurrence (minutes after application of paraoxon). Red colour – 
statistically significant; *Man-Whitney U-test, ** Student t-test; Values: mean 
± standard deviation

Sign (ToO) Survived

Fasciculations

Tremor

Seizures

Ataxia

Piloerection

Exophthalmos

Lacrimation

Dyspnoea

21.70 ± 24.76

10.50 ±   5.58

14.67 ± 11.72

50.43 ± 69.43

5.00 ±   1.63

4.22 ±   1.86

157.50 ± 65.76

60.50 ± 39.27

6.25 ± 0.96

6.50 ± 2.50

8.38 ± 3.42

10.00 ± 0.00

5.50 ± 4.95

4.75 ± 2.71

6.00 ± 0.00

7.00 ± 1.41

0.004*

0.083*

0.117**

 - 

 - 

0.673*

0.333*

0.098**

Yes No p-value

Table 8: Signs intensity at 15 min after paraoxon administration 
with atropine protection in relation to whether the rat survived 
or not

* Man-Whitney U-test; Values: mean ± standard deviation (Intensity: 0 - absent, 
1 - mild/moderate, 2 - severe

Sign (ToO) Survived

Fasciculations

Tremor

Seizures

Ataxia

Piloerection

Exophthalmos

Dyspnoea

1.10 ± 0.74

1.50 ± 0.53

1.30 ± 0.95

0.40 ± 0.52

0.10 ± 0.32

0.80 ± 0.42

0.30 ± 0.67

0.50 ± 0.55

1.83 ± 0.41

2.00 ± 0.00

0.17 ± 0.41

0.17 ± 0.41

1.00 ± 0.63

0.17 ± 0.41

0.147

0.313

0.220

0.492

0.875

0.635

0.875

Yes No p-value*

17.00

16.00

15.00

14.00

13.00

12.00

11.00

10.00

9.00

8.00

7.00

6.00

5.00

4.00

0.6 mg/kg

11.33

p = 0.180
p = 0.098

p = 0.403

p = 0.322

p = 0.231

10.17

5.75
5.20
4.40

Fasciculations Tremor Seizures Ataxia Dyspnoea

0.9 mg/kg 1.2 mg/kg

Paraoxon dose (sc)

ToxScore

14.00

10.33

9.00

8.00

6.00

16.50

14.50

11.50

8.50

16.00

Figure 3: Dose-dependent ToxScore (paraoxon with atropine 
protection)
* Kruskal-Wallis test; ToxScore: the sum of the values of each sign in each 
point of time

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

47.67
54.50

88.00

0.6 mg/kg

0.9 mg/kg

1.2 mg/kg

p = 0.092

Pox (sc)

TotToxScore

TotalToxScore

Figure 4: Mean TotToxScore relative to dose of paraoxon with 
atropine protection
*TotToxScore: the sum of the values of all sign in each point of time; Kruskal-Wallis test

Discussion

Paraoxon is one of the most toxic OPIs and is 
therefore banned from use as an insecticide in 
most countries. The obtained LD50 of paraoxon 
was 0.33 mg/kg sc, which roughly corresponds 
to the data from the literature.17 Death in almost 
all animals occurs in the first two hours of OP 

ToxScore, although without statistical significance, 
showed a clear increase in fasciculations, tremor, 
seizures, ataxia, and dyspnoea with increasing 
doses of paraoxon (Figure 3).

TotToxScore values   for paraoxon poisoning fol-
lowed by atropine administration are shown in 
Figure 4. Total Tox Score, although without sta-
tistical significance, showed a clear increase with 
higher dose.

b) Survival
There was no significant difference in the frequen-
cy of symptoms in relation to whether the rat sur-
vived or not. It was only observed that ataxia was 
more common in survivors than in non-survivors 
(70.00 % vs 12.50 %, respectively; χ2 = 5,591, p 
= 0.025) as well as fasciculations (100.00 % vs 
50.00 %, respectively; χ2 = 6,429, p = 0.023).

A significant difference in the onset of symptoms 
relative to whether or not a rat survived was ob-
served only regarding fasciculations. The onset 
rate of poisoning clinical signs relative to wheth-
er or not the animals survived is shown in Table 
7. Most signs of poisoning occurred earlier in 
non-survivors, but statistical significance was 
found only regarding fasciculations (p = 0.004). 
The intensity of any signs of poisoning did not 
differ significantly in survivors and non-survivors 
(Table 8).
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poisoning, which is consistent with the data ob-
tained in this study.18

The LD50 of paraoxon, when 10 mg/kg of atropine 
is administered after 1 minute, was 0.91, so the 
PR of atropine was 2.73, similar to the data in the 
literature.19 Atropine is used as an antidote for 
poisoning with AChE inhibitors. It is much more 
effective in carbamate poisoning than in those 
caused by OPCs.19 It is logical that PR will be sig-
nificantly higher in carbamates than OP poison-
ing given that carbamates are reversible AChE in-
hibitors, so the spontaneous reactivation of AChE 
makes the task of atropine as an antidote less de-
manding.21-23 Considering the dose of atropine, 10 
mg/kg im was selected because it is the most fre-
quently used dose; therefore the results obtained 
in this experiments are comparable to the results 
of other researchers.24 Krutak-Kol and Domino 
tried different doses of atropine against paraoxon 
poisoning: 10, 33 and 100 mg/kg and found that 
higher doses did not increase survival. Moreover, 
a dose of 100 mg/kg was significantly less effec-
tive than the dose of 10 mg/kg.25 Repeated lower 
doses of atropine over time might potentially give 
better results.26

The presence, time of occurrence and intensity 
of paraoxon poisoning signs were examined. The 
same parameters of poisoning were also observed 
at high lethal doses of paraoxon, in animals given 
atropine. Those signs that can be noticed only by 
observation without manipulation of the animal 
were analysed.

Lacrimation occurs by excessive stimulation of 
muscarinic receptors. Although not life-threaten-
ing, it can serve as a good indicator of muscarinic 
excitation, as well as sign of adequate atropini-
sation during treatment.3 Neither the intensity 
nor the rate of lacrimation occurred statistically 
significantly at different doses of paraoxon and in 
relation to the survival rate. However, when atro-
pine was administered after paraoxon, lacrima-
tion was significantly less common and occurred 
later, although significantly higher doses of para-
oxon were administered (only 22 % vs 55 % when 
atropine was not administered). Regardless of the 
dose, the results obtained were expected since it 
is well known that atropine is an anti-muscarinic 
drug. The existence of lacrimation can indirectly 
indicate that there are other effects of muscarinic 
excitation (hypotension, bradycardia).

Muscarinic effects that are directly life-threat-
ening are bronchoconstriction and bronchor-
rhoea. Dyspnoea was monitored as a parameter 
indicating respiratory failure, which in studies by 
other researchers proved to be the main cause of 
lethality in OPI poisoning.27-29 The disadvantage 
of this study is that dyspnoea was only subjec-
tively observed, without objective measuring of 
respiratory failure degree. Sometimes, in severe 
seizures dyspnoea could be noticed only when 
the intensity of seizures subsided. Nevertheless, 
a clear link was found in the intensity and speed 
of occurrence of dyspnoea in relation to wheth-
er the animal survived or not. In animals treated 
with atropine after paraoxon administration, at-
ropine delayed and reduced the intensity of dys-
pnoea, although these were significantly higher 
doses of paraoxon. Houze et al analysed wheth-
er respiratory failure in OP poisoning was due 
to central or peripheral muscarinic effects.30 He 
showed that respiratory failure was almost com-
pletely corrected by atropine and not corrected 
at all by 100 times the equimolar dose of N-meth-
ylatropine and concluded that respiratory failure 
is due to central muscarinic effects. On the other 
hand, Villa et al found that 50 % and 75 % of LD50 
paraoxon caused alterations in ventilation, but 
did not cause respiratory failure.31

Fasciculations were a sign that, along with sei-
zures, proved to be the most consistent param-
eter of the poisoning severity. Fasciculations oc-
curred faster and were of higher intensity when 
the dose of paraoxon as well as survival of rats 
was observed. This can be explained by the fact 
that among the examined signs, fasciculations 
are those that follow overstimulation of nicotin-
ic receptors on the neuromuscular junction. If it 
is assumed that according to the Poison Severity 
Score (PSS) in humans, any occurrence of nico-
tine sings of poisoning is considered at minimum 
as moderate poisoning, then it can be concluded 
that fasciculations, as a parameter of nicotine ef-
fects of poisoning, directly indicates the severity 
of poisoning.32 An additional problem is lack of 
effective antidote that would function as a nico-
tine antagonist, without serious side effects.33, 34 
As expected, atropine administration did not af-
fect the rate and intensity of fasciculations - they 
were of higher intensity and occurred earlier, be-
cause the dose of paraoxon was higher.

Muscle tremor was also a sign of inappropriate 
stimulation of nicotinic receptors on the neuro-
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Seizures and fasciculations followed by tremor 
were strong prognostic parameters of the prob-
ability of lethal outcome of paraoxon poisoning. 
Also, the mentioned signs of poisoning were 
with their intensity and speed of occurrence 
in a clear correlation with the dose of paraox-
on. Even at high doses of paraoxon, atropine 
blocked the muscarinic (but not nicotinic) ef-
fects, and somewhat mitigated the CNS effects.

Conclusion

muscular joint, ie weakness of skeletal muscles. 
Tremor has been more often described in the lit-
erature as part of the delayed onset of extrapyra-
midal syndrome, rather than acute OP poisoning 
sign.35 Since the monitoring of poisoning signs 
was based on observation, tremor served as a 
good indicator of muscle weakness. A strong re-
lationship was found between both the speed of 
onset and the intensity of tremor, and the dose of 
paraoxon or the lethal outcome in rats. As expect-
ed, the results did not change when atropine was 
given after paraoxon, but the tremor occurred 
earlier and was of stronger intensity at higher 
doses and in non-survivors.

ACh is also found in the preganglionic fibres of 
the sympathetic nervous system. Piloerection is 
a sign that occurs as a consequence of excessive 
stimulation of preganglionic nicotinic receptors 
of the sympathetic nervous system.36 Therefore, 
piloerection can be considered as potential pre-
dictor of sympathetic stimulation. The results of 
this study showed a strong relationship between 
the dose of paraoxon and the frequency of pilo-
erection. Studies from other researchers show 
that the incidence of tachycardia in OP poisoning 
is 35-60 %, making it more common than brady-
cardia.37 The alpha-1-adrenergic receptor, in addi-
tion to piloerection, in rats is also involved in re-
traction of the eyelids, leading to exophthalmos.38 
Unlike piloerection, exophthalmos remained 
most persistent throughout the observed period 
and had no statistical significance in the intensity 
and rate of exophthalmos in relation to paraox-
on dose and rat mortality. The same results were 
obtained when atropine was administered after 
high doses of paraoxon.

Seizures initially occur due to stimulation of cho-
linergic receptors in the CNS and at this stage can 
be reversed by atropine. Prolonged seizure activ-
ity is due to excessive release of glutamate, when 
atropine is not effective.39 For now, seizures are 
treated with combinations of anticholinergics 
and benzodiazepines but, given the role of gluta-
mate in seizures, future therapies should include 
N-methyl-D-aspartate receptor (NMDA) antag-
onists.40 The rate and intensity of seizures were 
clearly correlated to dose and especially to death 
in paraoxon poisoning. Seizures occur significant-
ly less frequently in OPI than in nerve agents.41 
In this study, seizures occurred in 83 % of rats 
and 100 % of non-survivors, which additionally 

contribute to the characteristics of paraoxon as 
a nerve agents. Administration of atropine some-
what postponed and decreased the intensity of 
seizures. There was still a clear relationship be-
tween these parameters and paraoxon dose as 
well as fatal outcome, but seizures occurred later 
and were less intense than would be expected, 
given the paraoxon doses administered.

Ataxia is caused by stimulation of muscarinic re-
ceptors in the CNS. In addition, in acute OP poi-
soning, ataxia occurs as a consequence of muscle 
fatigue, but ataxia is more intense than would be 
expected from muscle fatigue alone.42 The results 
of this study show that ataxia occurred earlier at 
higher doses of paraoxon and in non-surviving 
rats.

ToxScore and TotToxScore are parameters that 
were introduced in order to see the persistence 
of symptoms related to the dose. Thus, the values   
of each sign in each point of time were summed, 
which made up the ToxScore, and the values   of 
all ToxScores were added the calculate the Tot-
ToxScore for each animal. The pre-condition is 
that the animal survived the observation peri-
od. These parameters can also be used in future 
studies, when the protective effect of antidotes 
(either individually or in combination) can be 
compared, not only as a measure of survival, but 
also their ability to alleviate the signs of poison-
ing. ToxScore showed that the same parameters 
(seizure, fasciculation, tremor) that were signif-
icant indicators of the severity of poisoning last-
ed longer at higher doses. The TotToxScore had 
higher value   at higher dose and, although the dif-
ference was not significant, showed a clear trend.
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