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ABSTRACT 

 
Scorpion envenomation in children is potentially fatal condition. Scorpion 
envenoming cause an autonomic storm resulting in a massive release of 
catecholamines, angiotensin II, glucagon and cortisol. As a consequance of these 
changes, scorpion envenoming result in a syndrome of fuel energy deficits, producing 
multi-system-organ failure and death. The objective of the present study was to 
determine circulating levels of adrenaline, nor-adrenaline, angiotensin converting 
enzyme (ACE), angiotensin II, kallikrein, nitric oxide (NO), aldosterone as well as 
Na+, K+ and Ca+2 in scorpion envenomed children. The relationship between these 
vasoactive mediators and the severity of scorpion envenomation and the outcome of 
envenomed children would be evaluated. The present study included 40 scorpion 
envenomed children of both sexes and their age ranged 1-13 years. According to the 
severity of envenomation, they were divided into 2 groups, mild and severe. 10 
apparently healthy children were considered as control group. All of them were 
subjected to complete clinical examination and routine laboratory investigations. 
Plasma levels of angiotensin II, adrenaline and nor-adrenaline were determined 
using ELISA assay. Serum aldosterone level was determined using RIA method. The 
enzyme activities of kallikrein and ACE and NO level were determined using 
spectrophotometric assay. Serum levels of Na+ and K+ were determined by flame 
photometer and Ca+2 by flame atomic absorption. All of these parameters were 
assayed on admission and after 24 hours. All envenomed children showed on 
admission significant increase in levels of angiotensin II, adrenaline and nor-
adrenaline, ACE, NO, aldosterone and Na+ in comparison with healthy control (P < 
0.01, P < 0.01, P < 0.01, P < 0.01, P < 0.01, P < 0.01, P < O.00l and P < 0.001) 
respectively. On the other hand, kallikrein activity, K+ and Ca+2 levels were 
significantly decreased (P < O.05, P < O.00l and P < O.05) respectively. However, 
on the second sample (after 24 hours) it was noted that the levels of ACE, angiotensin 
II and NO were still higher than those in healthy control (P < O.05, P < O.001 and P 
< O.05) respectively, but non significant difference was detected in kallikrein activity 
on comparing the second sample with healthy control. In conclusion, these 
vasoactive mediators might play an important role in pathogenesis of multi-system-
organ failure and death that occur with scorpion envenomation 
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INTRODUCTION & AIM OF 
THE WORK 

 
Neurotoxins and cardiotoxins are 

present in the majority of scorpion 
venoms1. The clinical manifestations 
due to scorpion sting are believed to 
be primari1y due to complex 
interaction between sympathetic and 
parasympathetic stimulation2. 

Severe scorpion envenoming 
causes an autonomic storm resulting 
in a massive release of 
catecholamines, angiotensin II (Ang 
II), glucagon, cortisol, and changes in 
insulin secretion. As a consequence of 
these changes in the hormonal milieu, 
scorpion envenoming results in a 
syndrome of fuel energy deficits and 
an inability of the vital organs to 
utilize the existing metabolic 
substrates, which causes myocardial 
damage, cardiovascular disturbances, 
peripheral circulatory failure, 
pulmonary edema, and many other 
clinical manifestations alone or in 
combination, producing multisystem 
organ failure (MSOF) and death3. 

Nitric oxide (NO) plays a critical 
role in the regulation of vascular tone 
and organ blood flow as well as in the 
inhibition of platelets and neutrophils 
aggregation. However, excessive 
production of NO has been reported in 
several myocardial disorders 
involving inflammatory process such 
as endotoxic shock and heart failure4. 
Previously, Meki and Mohey-Eldeen,5 
showed that NO levels were 
significantly higher in scorpion 
envenomed children compared to 
controls of the same age. 

The aim of the present study was 
to determine circulating levels of 
adrenaline, noradrenaline, angiotensin 

converting enzyme (ACE), Ang II, 
kallikrein, nitric oxide, aldosterone 
and some electrolytes such as Na+, K+ 
and Ca+2 in scorpion envenomed 
children on admission and after 24 
hours. The relationship between these 
vasoactive mediators and the severity 
of scorpion envenomation and the 
outcome of envenomed children 
would be evaluated. 
 

SUBJECTS & METHODS 
 
A. Subjects 
(I) Patients:  

The present study included forty 
children with scorpion envenomation 
who, were admitted to the emergency 
unit and intensive care units (ICU) of 
Pediatric Department in Assiut 
university hospital. They included 24 
males and 16 females. Their age 
ranged from 1 -13 years old. 

The patients were classified into 2 
main groups according to the degree 
of severity of envenomation either 
mild (Group I) comprising 22 patients 
were presented with pain, flushing, 
salivation, lacrimation, abdominal 
pain, tachycardia and mild irritability, 
or severe (Group II) comprising 18 
patients were presenting with 
hypotension, heart failure (dyspnea, 
+ve hepatojugular reflux and basal 
crepitation), toxic myocarditis 
(dyspnea, heart failure, distant heart 
sound, ECG changes and 
echocardiography suggestive of 
myocardial ischemia, myocarditis and 
cardiomegally), pulmonary edema 
(dyspnea, cyanosis and bubbling lung 
crepitation), convulsions, 
hallucinations and abnormal 
movements. 
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(II) Control group:  
Ten apparently healthy children 

of matchable age and sex were 
considered as controls. 
Sample preparation: 

Two blood samples were 
collected from each victim, one on 
admission and the second after 24 
hours but only one sample was 
withdrawn from controls. One part of 
blood sample (2ml) was taken on 
anticoagulant (EDTA) and the rest of 
blood sample (3ml) was for serum 
preparation. 

Out of all the studied cases, 
before intravenous fluid 
administration blood samples were 
withdrawn from 15 cases for 
determination of serum levels of 
aldosterone, Na+, K+ and Ca+2.  

Blood samples were centrifuged 
and the serum or plasma obtained was 
divided into aliquots and frozen at -70 
C until assays were performed. 
B. Methods  
1. Determination of plasma 
adrenaline, noradrenaline and 
angiotensin II levels. Levels of these 
indices were determined by enzyme 
linked immunosorbent assay method 
(ELISA) Kit for the in vitro diagnostic 
separate quantitative determination of 
adrenaline and noradrenaline in 
human plasma and urine, supplied 
from Immuno Biological Laboratories 
(IBL), Cat.-No: RE59242, Germany 
and for detection of plasma level of 
Ang II, supplied from Peninsula 
Laboratories, INC. Division of 
Bachem, 601 Taylor Way, San Carlos, 
CA 94070 USA. 
2. Determination of serum level of 
angiotensin converting enzyme. The 
activity of serum angiotensin 
converting enzyme (ACE) was 

determined by spectrophotometric 
method6. 
3. Determination of plasma 
kallikrein activity. The plasma 
kallikrein activity catalyses the 
splitting of p-nitroaniline (pNA) from 
the substrate H-D-Pro-Phe-Arg-pNA 
(S-2302). The rate at which the pNA 
is released is measured 
photometrically at 405 nm. This can 
conveniently be read after stopping 
the reaction with acetic acid (acid 
stopped method).The activity 
measured is mainly the kallikrein-2-
macroglobulin complex 7. 
4. Determination of serum level of 
nitric oxide. The serum level of total 
nitric oxide (nitrate + nitrite) was 
determined by Griess reagent using 
spectrophotometric method8. 
5. Determination of serum 
aldosterone. The Coat-A-Count 
aldosterone is a solid phase I125 
radioimmunoassay (RIA) designed for 
the quantitative measurement of 
aldosterone levels in unextracted 
serum; coupled with an ethyl acetate 
extraction procedure. Cat. No: TKAL 
1 (100 tubes). 
6. Determination of serum levels of 
Na+ and K+. Serum levels of Na+ and 
K+ were determined by Flame 
Photometer (Jenway- PFP7). 
7. Determination of serum level of 
Ca+2. Serum level of Ca+2 was 
determined by Atomic absorption 
flame, Emission spectrophotometer 
(Shimadzu – AA-630-02) at WL – 
422.7 nm and lamp current 10 A.    
Statistical analysis 

The results were statistically 
analyzed using computer database 
(Prism program, Graphpad version 
3.0). Data comparisons were 
performed by using student t-test and 
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the correlations between the 
biochemical parameters were 
performed using Spearman, s rank 
correlation coefficient. The levels of 
significance were accepted with P < 
0.05 and the results were presented in 
Tables as mean  SE.     

 
RESULTS 

 
The current results showed that 

all envenomed children showed 
significant higher mean value of 
circulating levels of each of 
adrenaline, noradrenaline, ACE Ang 
II and NO on admission (first sample) 
in comparison with healthy controls. 
On the other hand, the envenomed 
victims showed significantly lower 
mean value of kallikrein activity on 
admission in comparison with healthy 
controls. However, on the second 
sample it was noted that the 
circulating levels of ACE, Ang II and 
NO were still significantly higher than 
those of control group (Table 1).  

The mild envenomed children 
showed significant elevation of 
adrenaline and noradrenaline on 
admission in comparison with 
controls. One day later the plasma 
level of adrenaline was still 
significantly higher in mild 
envenenomed children than controls, 
but non-significant difference was 
found on comparing second sample of 
noradrenaline with controls. However, 
ACE activity and Ang II levels were 
significantly elevated in the first 
sample in comparison with controls.  
Moreover, ACE activity and Ang II 
levels were significantly elevated on 
comparing second samples and 
controls. The envenomed children 

showed significant decrease of mean 
value of plasma kallikrein activity on 
admission in comparison with 
controls, but non-significant 
differences were detected in 
comparison of second samples with 
controls. The envenomed children 
showed significant elevation of NO on 
admission in comparison with 
controls, but non-significant 
difference was detected on comparing 
second sample and controls (Table 2). 

In severe envenomed children, 
adrenaline and noradrenaline showed 
significant elevation on admission in 
comparison with controls. Non-
significant differences were shown 
between second samples of adrenaline 
and noradrenaline with controls. ACE 
activity and Ang II levels were 
significantly elevated in the first 
samples in comparison with controls. 
Moreover, the plasma level of Ang II 
still significantly elevated in the 
second samples in comparison with 
controls. Furthermore, the envenomed 
children showed significant decrease 
of mean value of plasma kallikrein 
activity on admission in comparison 
with controls, but the second sample 
showed non-significant difference of 
kallikrein than controls. The serum 
level of NO showed significant 
elevation on admission and after 24 
hours in envenomed children in 
comparison with controls (Table 3). 

All envenomed children (n = 40) 
on admission showed significant 
elevation of aldosterone and Na+ and 
significant decrease of K+ and Ca+2 in 
comparison with controls (Table 4). 

The severe envenomed children 
showed significant decrease of 
adrenaline and noradrenaline in the 
second samples in comparison with 
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mild cases. The circulating levels of 
ACE and Ang II showed significant 
decrease of mean value on comparing 
second samples of severe envenomed 
children with mild cases. In addition 
the severe envenomed children 
showed significant elevation of 
circulating levels of kallikrein activity 
and NO in the second samples in 
comparison with mild cases (Table 5). 

The non-survival envenomed victims 
after 24 hours showed significant 
decrease of adrenaline, noradrenaline 
and Ang II levels in comparison with 
survival. Kallikrein showed 
significant elevation of mean value in 
non-survival cases in comparison with 
survival cases. Nitric oxide showed 
significant elevation on admission and 
after 24 hours between non-survival 
cases and survival cases (Table 6).

 
 
 
Table (1): A comprehensive table for biochemical parameters determined in 
envenomed children with reference to controls (mean ± SE). 

Biochemical 
parameters 

Envenomed children 
 (n= 40) 

Healthy 
controls 
(n=10) 

P-Values 

1st sample 2nd sample P1 P2 
Adrenaline (ng/ml) 0.25 ± 0.014 0.20 ± 0.01 0.16 ± 0.015 < 0.01 > 0.05 (NS) 
Noradrenaline (ng/ml) 0.78 ± 0.05    0.57 ± 0.03 0.47 ± 0.07 <   0.01 > 0.05 (NS) 
ACE  (U/l) 299.40± 29.61 257.9 ± 28.26 130.0 ± 15.74  < 0.01 < 0.05 
Ang II (ng/ml) 4.97 ± 0.63 5.138 ± 0.5130 1.78 ± 0.07  < 0.01 < 0.001 
Kallikrein (U/l) 283.0 ± 26.11 339.5 ± 30.20 399.0 ± 35.95  < 0.05 > 0.05 (NS) 
NO (M/ L)  117.0 ± 13.45  102.8 ± 12.50 50.64 ± 6.13  < 0.01 < 0.05 

P1, first sample versus control group. 
P2, second sample versus control group. 
NS, Non significant. 
 
 
Table (2): The levels of the studied biochemical parameters in children with mild 
envenomation in comparison to controls (mean ± SE). 

Biochemical 
parameters 

Envenomed mild cases (n=22) Healthy   
controls  
 (n= 10) 

P-Values 
1st sample 2nd sample P1 P2 

Adrenaline (ng/ml) 0.27 ± 0.02 0.22 ± 0.01 0.16 ± 0.01 < 0.01 < 0.05 
Noradrenaline (ng/ml) 0.76 ± 0.10 0.68 ± 0.06 0.47 ± 0.07 < 0.05 > 0.05 (NS) 
ACE  (U/l) 284.2 ± 39.38 329.5 ± 40.91 130.0± 15.74  < 0.01 <  0.01 
Ang II    (ng/ml) 4.24 ± 1.07 6.800 ± 0.98 1.78 ± 0.07 < 0.05 < 0.001 
Kallikrein (U/l) 296.3 ± 29.04 285.2 ± 31.08 399.0± 35.95 < 0.05 < 0.05 
NO  (M/ l) 85.47 ± 7.87 71.10 ± 6.44 50.64± 6.132  < 0.01 > 0.05 (NS) 

P1, first sample versus control group. 
P2, second sample versus control group. 
NS, Non significant. 
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Table (3): The levels of the studied biochemical parameters in children with 
severe envenomation in comparison to controls (mean ± SE). 

Biochemical 
parameters 

Envenomed severe cases (n= 18) Healthy 
controls 
(n=10 ) 

P-Values 
1st sample 2nd sample P1 P2 

Adrenaline (ng/ml) 0.23 ± 0.01 0.16 ± 0.01 0.16 ± 0.01 < 0.01 > 0.05 (NS) 
Noradrenaline (ng/ml) 0.80 ± 0.05 0.52 ± 0.02 0.47 ± 0.07 < 0.01 > 0.05 (NS) 
ACE (U/l) 318.10 ± 45.72 188.4 ± 27.24 130.0 ± 15.74  < 0.01 > 0.05 (NS) 
Ang II (ng/ml) 5.42 ± 0.78 4.12 ± 0.44 1.78 ± 0.07 < 0.01 < 0.001 
Kallikrein (U/l) 283.0 ± 26.11 424.9 ± 54.26 399.0 ± 35.95 < 0.05 > 0.05 (NS) 
NO (M/ l) 124.8 ± 22.58  136.9 ± 22.97 50.64 ± 6.13 < 0.05 < 0.01 

P1, first sample versus control group. 
P2, second sample versus control group. 
NS, Non significant. 
 
 
 
 
 
 
Table (4): The serum levels of aldosterone, Na+, K+ and Ca+2 in envenomed 
children before fluid administration in comparison with controls (mean ± SE). 

Biochemical parameters Envenomed 
children (n=40) 

Healthy controls 
(n=10) 

P-Value 

Aldosterone (ng/dl) 27.71 ± 3.25 4.50  ± 0.49 < 0.001 
Na+ (nmol/l) 153.16  0.65 140.15  0.54 < 0.001 
K+ (nmol/l) 3.54  0.008 5.29  0.15 < 0.001 
Ca+2 (mg/dl) 7.10  0.80 9.80  0.60 < 0.05 
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Table (5): The comparative biochemical parameters among mild and severe envenomed children.  
Envenomed 
Children 

Biochemical parameters 
Adrenaline Nor-adrenaline ACE Ang II Kallikrein NO 
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Mild cases 
(n=22) 

0.27 ± 
0.02 

0.22 ± 
0.01 

0.76 ± 
0.10 

0.68 ± 
0.06 

 284.2 ± 
39.38  

329.50 ± 
40.91  

4.25 ± 
1.07 

6.80 ± 
0.98 

296.30± 
29.04  

285.20± 
31.08  

85.47 ± 
7.87 

71.10 ± 
6.44 

Severe cases 
(n=18) 

0.23 ± 
0.01 

0.16 ± 
0.01 

0.80 ± 
0.05 

0.52 ± 
0.02 

318.10 ± 
45.72 

188.40 ± 
27.24 

5.42 ± 
0.78 

4.12 ± 
0.44 

283.0 ± 
26.11 

424.90 ± 
54.26 

124.8 ± 
22.58 

136.9 ± 
22.97 

P-Value (NS) < 0.05 (NS) < 0.05 (NS) < 0.01 (NS) < 0.01 (NS) < 0.05 (NS) < 0.01 
The results are expressed as mean ± SE. NS: Non-significant.1st: First determination on admission, 2nd: Second determination after 24 hours of admission.  
 
 
Table (6): The comparative biochemical parameters among survival and non-survival cases. 
Envenomed 
children 

Biochemical parameters 
Adrenaline Nor-adrenaline ACE Ang II Kallikrein NO 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 
Survival cases 
(n=12) 

0.24 ± 
0.02 
 

0.19 ± 
0.02 
 

0.68 ± 
0.03 
 

0.57 ± 
0.02 
 

 285.40 ± 
63.18  
 

277.90 ± 
62.33  

4.775 ± 
0.8641  
 

5.88 ± 
0.67 
 

242.80 ± 
54.95  
 

364.50 ± 
38.84  
 

79.27 ± 
9.99 
 

86.38 ± 
13.30  

Non-surv.  
(n=6) 

0.22 ± 
0.01 

0.13 ± 
0.01 

0.89 ± 
0.10 

0.46 ± 
0.03 

383.30 ± 
49.86 

159.3 ± 
21.47 

6.70 ± 
1.56 

3.50 ± 
0.69 

364.90 ± 
101.60 

603.50 ± 
84.12 

215.9 ± 
47.63 

237.8 ± 
39.33 

P-Value (NS) < 0.05 (NS) < 0.05 (NS) (NS) (NS) < 0.05 (NS) < 0.01 < 0.001 < 0.001 
 The results are expressed as mean ± SE, NS: Non-significant, 1st: First determination on admission, 2nd: Second determination after 24 hours of admission. 
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Table (7): The correlation between different variables in envenomed children  
Variables  Admission sample  After 24 hr sample  
Adrenaline and  
Noradrenaline 

r = 0.81 
P <0.001 

r = 0.65 
P <0.01 

Noradrenaline and  
Ang II 

r = 0.62 
P <0.01 

r = 0.66 
P <0.01 

Ang II and 
 ACE 

r = 0.79 
P <0.001 

r = 0.5 
P <0.01 

Kallikrein and  
NO 

NS r = 0.4 
P <0.05 

r means correlation coefficients 
P means levels of significance  
NS means non significant 

 
 

DISCUSSION 
 

Scorpion envenomation in children 
is a potentially fatal condition. 
Neurotoxins and cardiotoxins are 
present in the majority of scorpion 
venoms9. The symptoms and signs of 
envenomation  are believed to be 
primari1y due to complex interaction 
between sympathetic and 
parasympathetic stimulation10. 

The mechanisms by which 
scorpion envenomation provokes 
sympathetic nervous system activation 
are probably mixed. Experimental 
studies indicated that scorpion venom 
induces the release of noradrenaline 
and acetylcholine by acting at 
peripheral pre-synaptic and afferent 
visceral receptors11. However, the 
venom of certain species may provoke 
apnea, bradycardia and hypotension as 
the main manifestations of the 
envenomation12–13. In addition Chen et 
al.14 showed that scorpion venom 
caused (a dose-dependent) increase in 
blood pressure in experimental rats, 
which may be related to 
overproduction of noradrenaline. 

Cardiac dysfunction and 
pulmonary edema are the leading 
causes of death related to scorpion 
envenomation15-16. The mechanisms 
responsible for the toxic actions of the 
scorpion venom on the cardiovascular 
system are still the subject of intense 
controversy and research. Most 
investigators consider that, the 
cardiovascular manifestations (i.e. 
pulmonary edema and shock) are 
secondary to the peripheral vascular 
and myocardial effects of scorpion 
envenomation11. A syndrome of 
systemic inflammatory response to the 
venom has also been postulated as an 
explanation for the cardiovascular 
manifestations17. 

Scorpion envenomation induces 
cardiac dysfunction11. Murthy18, 
hypothesized that catecholamine 
storm post envenomation may cause 
cardiac dysfunction by catecholamine-
induced hypoxia and death might 
result from myocarditis and 
congestive heart failure. Some authors 
suggested that cardiac dysfunction in 
scorpion envenomation may be due to 
a direct effect of scorpion venom 
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evoking the so-called scorpionic 
myocarditis characterized by non-
specific ultra-structural changes19. 
Moreover, Nouira et al.20 reported that 
heart failure was observed in clinical 
studies dealing with cardiocirculatory 
disturbances associated with severe 
scorpion envenomation.  

In the present study as shown in 
tables (1, 2 and 3), the plasma levels 
of adrenaline and noradrenaline were 
significantly raised in all envenomed 
children on admission in comparison 
to controls, but after 24 hours they 
showed reversible decline from that 
attitude. Moreover, severe and non-
survivors showed significantly lower 
mean values after 24 hours than mild 
and survivors respectively (Tables 5 
and 6). These results seem to be in 
consistency with that of Mazzei et 
al.21 who reported that plasma 
noradrenaline was elevated on 
admission and decreased after 24 
hours in scorpion envenomed patients. 
Moreover Zeghal et al., 22 stated that 
scorpion venom induced a 30-40-fold 
increase in plasma adrenaline and nor 
adrenaline levels in anaesthetized rats.  

Mahadevan23, reported that 
scorpion envenoming results in a 
massive release of catecholamines, 
glucagon, Ang II and a simultaneous 
reduction in insulin levels, which 
finally cause multi-organ system 
failure and death. Scorpion 
envenomation is currently considered 
to resemble the massive outpouring of 
catecholamines seen in 
phaeochromocytoma crises24. 
Cheng25, reported that most of the 
neurological symptoms are due to 
either the release of catecholamines 
from the adrenal glands (sympathetic 
nerves) or the release of acetylcholine 

from postganglionic parasympathetic 
neurons. 

Moreover, Murthy et al.26 reported 
that after scorpion envenoming there 
were massive release of 
catecholamines, causing increased 
myocardial oxygen consumption, 
coronary vasoconstriction, peripheral 
vasoconstriction and lipoloysis 
resulting in increased FFA along with 
a simultaneous reduction in 
triglyceride levels. The utilization of 
increased amounts of circulating FFA 
results in increased oxygen 
consumption that could aggravate 
ischemic injury to the myocardium, 
predisposing to arrhythmias and heart 
failure. In addition Gueron et al.15 
hypothesized that catecholamine 
storm post envenomation may cause 
cardiac dysfunction by catecholamine 
-induced hypoxia and that death might 
result from myocarditis and 
congestive heart failure. On the 
another hand, some investigators 
suggested that cardiac dysfunction in 
scorpion envenomation may be due to 
a direct effect of scorpion venom 
evoking the so-called scorpionic 
myocarditis characterized by non-
specific ultra-structural changes19&27. 
Furthermore, Nouira et al.20 showed 
that the presence of right and left 
ventricular dysfunction after scorpion 
envenomation provided further 
augmentation to the hypothesis of 
scorpionic myocarditis. 

The assayed catecholamines were 
highly proportional to each other 
(Table 7) in these envenomed 
children, similar to the results of 
Rumantir et al.28, since they are 
coreleased from sympathetic neurons. 
On the other hand Thomas et al.29 
believe that adrenaline augments the 
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release of noradrenaline from 
sympathetic stimulation of 
presynaptic receptors. 

In the present work as shown in 
tables (1, 2 and 3), the ACE activities 
and Ang II levels were significantly 
elevated on admission in all victims in 
comparison to controls. After 24 hours 
they were still higher. Furthermore, 
the circulating levels of ACE activity 
and Ang II were significantly lower in 
the second samples of severe and non-
survivor envenomed victims in 
comparison with mild and survivor 
cases respectively. These results are 
mostly matched with those El-Kady et 
al.30 who stated that there was 
significant increase in enzyme activity 
of ACE in all envenomed children in 
comparison to controls. Moreover 
these bioindices were significantly 
higher in hypertensive victims in 
comparison to normotensive ones. In 
that field, many investigators 
recognized similar findings15,18&31. 

The mechanism by which Ang II 
elevate blood pressure is probably 
through vasoconstriction, salt and 
water reabsorption and aldosterone 
secretion. Ang II also, increases blood 
pressure through actions on the brain 
and autonomic nervous system. In 
particular, it acts centrally to increase 
sympathetic outflow and peripherally 
to facilitate sympathetic transmission 
by increasing the release and reducing 
the reuptake of noradrenaline at 
adrenergic nerve terminals32. 

Generally, it is believed that 
scorpion envenomation results in a 
severe autonomic storm, which leads 
to a massive release of 
catecholamines. Then increased 
sympathetic activity causes elevated 
renin release by direct stimulation of 

juxtaglomerular cells. A subsequent 
increase in angiotensin secretion 
enhances the ongoing sympathetic 
nerve output by a direct action on the 
brain stem and by a blunting of baro-
receptor mechanisms. Thus, the renin 
angiotensin system is an important 
facilitator of ongoing sympatho-
adrenal traffic15&31. Such finding is 
confirmed in the present study as there 
were significant positive correlation 
between the values of noradrenaline 
and Ang II on admission as well as 
after 24 hours of all envenomed 
victims (Table 7). 

Angiotensin converting enzyme is 
known to produce Ang II, which may 
cause potent coronary and systemic 
vasoconstriction33. Ang II, the primary 
effector of the renin-angiotensin 
system (RAS), is a multifunctional 
hormone that plays an important role 
in vascular function. The local RAS, 
acting in both autocrine and paracrine 
fashions, is also functionally 
operative, and, important in the 
vasculature34. In that respect, the 
significant correlation between ACE 
and Ang II in the studied envenomed 
children (Table 7) confirms that 
plasma and/or tissue ACE is the major 
enzyme responsible for generation of 
the vasoconstrictor peptide Ang II 
from Ang I35.  

Concomitantly, angiotensin 
converting enzyme (ACE) inhibitors 
were suggested to be useful in 
scorpion envenoming with elevated 
Ang II level36. 

High molecular weight kininogen 
(HMW) and low molecular weight 
kininogen (LMW) are the two 
substrates for the kallikrein. HMW 
kininogen is cleaved by plasma and 
tissue kallikrein to yield bradykinin 
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and kallidine respectively. LMW 
kininogen is a substrate only for tissue 
kallikrein and the product is kallidine 
37. Campbell38, showed that in man, 
the generation of bradykinin and 
kallidine peptides by plasma and 
tissue kallikrein, respectively, enables 
differentiation between the role of 
plasma and tissue kallikrein in kinin 
peptide formation. 

As regard kallikrein enzyme in the 
present study, the kallikrein activities 
were significantly decreased in all 
victims on admission in comparison to 
controls but after 24 hours the severe 
envenomed children showed 
reversible elevation as shown in tables 
1, 2 and 3. Such data seems to be in 
accordance with those McGiff et al.39 
who showed that urinary kallikrein 
concentration was decreased in 
individual with high blood pressure. 
Accordingly, the recorded 
hypertension in all admitted 
envenomed children could partially be 
related to considerable decrease in 
plasma kallikrein activity associated 
with ACE enhancement and Ang II 
accumulation.  

Furthermore, in the second sample 
the severe envenomed as well as the 
non-survivors children exhibited 
significantly higher mean value of 
plasma kallikrein activity than mild 
and the survivors respectively as 
shown in tables (5 and 6). 

Since, HMW cleaved by plasma 
kallikrein gives bradykinin and 
according to McGiff et al.39 this 
bradykinin can promote 
vasodilatation, through 2 receptors 
dependent effects on endothelial NO, 
prostacycline and the poorly 
characterized endothelium derived 
hyperpolarizing factor. In this respect, 

Ismail10, suggested that kinins and/ or 
prostaglandins may participate in the 
genesis of terminal hypotension in 
scorpion envenomation. Previously, 
Ismail et al.40 had indicated that 
kallikrein inhibitor (aprotinin) 
prolonged the survival time of rats 
against Leiurus quinquestriatus 
toxicity, and was able to rescue half of 
the animal from the lethal action of 
the scorpion venom. 

Nitric oxide, as an endogenous 
endothelium-derived relaxing factor 
has also been extensively studied, NO, 
plays critical roles in the maintenance 
of vascular homeostasis. In the 
vasculature, Ang II and NO interact 
with each other to influence each 
other’s functions41. NO is too short 
lived to be measured directly and so 
evidence of increased NO production 
is necessarily indirect. Serum 
concentration of nitrites and/or 
nitrates is commonly used in clinical 
studies to measure NO production42.  

The serum levels of determined 
NO in all victims were significantly 
elevated on admission and after 24 
hours than controls as shown in tables 
(1, 2 and 3). Furthermore, this level 
was differentially more elevated in 
severe cases after 24 hours, 
specifically the non-survivors as 
shown in tables (5 and 6). 

These findings agree with those of 
the investigators who found 
significant higher mean level of NO in 
all envenomed children (both severe 
and mild cases) in comparison to 
controls and that elevation was 
positively correlated with the severity 
of envenomation5&27. 

The constitutive isoform of the NO 
is believed to be enhanced by 
acetylcholine and bradykinin43. 
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Accordingly, the determined elevated 
kallikrein in the envenomed severe 
cases after 24 hours may enhance an 
accumulation of bradykinin which 
predictably promoted the endogenous 
cNOS to produce further NO 
molecules. Anyhow, the determined 
correlation between the kallikrein 
level and that of accumulated NO in 
the second samples (Table 7) may 
denote to such a mutual relation 
between kallikrein and possible 
activation of cNOS. 

Simultaneously, Busse et al.43 
stated that synthesized NO by NOS is 
regulated by local concentration of 
BK, which acts on 2 receptors on the 
endothelial cells surface membrane. 
This BK is regulated by ACE that 
breaks down BK into inactive peptide. 
Hence, high ACE concentrations will 
antagonize NO activity44-45. In 
addition, Teixeira et al.46 found that 
NO molecules accumulated from 
human corpus cavernosum induced by 
a purified scorpion toxin. 

Aldosterone regulates electrolyte 
excretion and intravascular volume 

mainly through its effects on the renal 
distal convoluted tubules and cortical 
collecting duct, where it acts to 
increase resorption of Na+ from the 
urine. Aldosterone, also, enhances the 
synthesis of a Na+/K+ ATPase located 
in the basolateral cell membrane, 
which generates the electrochemical 
gradient, which drives diffusion 
through the Na+ channels47. 

The envenomed children on 
admission showed significant 
elevation in serum aldosterone level in 
comparison to controls (Table 4). 
Gueron et al.15 found that the blood 
aldosterone level was elevated in 
patients after scorpion envenomation. 

Some clarified that the elevation in 
aldosterone serum level may be due to 
Ang II which is the principal 
stimulator of aldosterone production48. 
Hence, recorded increase in Ang II in 
envenomed children could be an 
increasing factor for elevation of 
serum aldosterone. 

Electrolyte disturbances are 
common finding in victims of 
scorpion envenomation10&18.  Serum 
Na+ level in the envenomed children 
on admission was significantly 
increased (Table 4) as it was found 
before by El-Kady et al.30. They found 
that this increase was more prominent 
in hypertensive envenomed victims. 
Ang II causes salt and water retention, 
either by direct effect on kidneys or 
through its action on the adrenal 
glands to secrete aldosterone, which in 
turn increases Na+ and water 
reabsorbtion by the kidney tubules. 
The arterial blood pressure may rise to 
a considerably increased level to 
overcome these two fluid retaining 
effects of Ang II49.  

The serum level of K+ reversibly 
showed significant decrease in these 
envenomed children (Table 4), also, 
El-Kady et al.30 have reported a 
similar result. In an opposite manner 
Ismail,10 observed hyperkalemia in 
sting victims and experimental 
animals injected with scorpion venom. 
Murthy,18 had deduced similar results 
after of injection of BT venom in 
dogs.  

 The serum Ca+2 level was 
significantly reduced in all of these 
envenomed victims which is in 
accordance to El-Kady et al.30 who 
attributed this hypocalcaemia to Ca+2 
influx into the excitable cells 
including heart cells resulting in 
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myocardial damage. Generally, Semir 
et al.50 suggested that electrolyte 
disturbances are due to the release of 
various mediators such as 
catecholamines, which directly affect 
Na+/K+ adenosine triphosphatase and 
cellular K+ distribution.  
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بعض الوسائط البيوكيميائية المؤثرة على الأوعية الدموية في الأطفال 
 المتعرضين لسم العقارب

  
  *و عبد الرحيم محمد عبد الحفيظ** و زينب محمد محي الدين*رمضان عبد العال سيد

  ***و حسين محمد حسين* وأحمد يسن نصار
–كلية الطب  -فالقسم طب الأط**جامعة أسيوط –كلية الطب -قسم الكيمياء الحيوية*

  فرع أسيوط- جامعة الأزهر–كلية الطب -قسم الكيمياء الحيوية*** جامعة أسيوط 
  

يعـــد لـــدغ العقـــارب فـــي الأطفـــال مـــن الحـــالات القاتلـــة حيـــث يســـبب تلقائيـــا إفـــراز الأدرينـــالين 
نتيجـة ويحـدث . وهرمـون الجلوكـاجون والكـورتزول بنسـب هائلـة ٢-والنورأدرينالين و بيبتيـد الأنجيوتنسـين

وكـــان الغـــرض مـــن هـــذه الدراســـة قيـــاس نســـب . لـــذلك فشـــل عـــام فـــي الأعضـــاء ممـــا يـــؤدي إلـــى الوفـــاة
وانزيمـه المحـول لـه وكـذلك إنـزيم الكاليكـارين وشـقوق ٢-الأدرينالين والنورأدرينـالين و بيبتيـد الأنجيوتنسـين

ســـــيوم و هرمـــــون أكســـــيد النيتريـــــك الحـــــرة فضـــــلا عـــــن الكاتيونـــــات مـــــن الصـــــوديوم و البوتاســـــيوم والكال
وكـــذلك تقيـــيم العلاقـــة بـــين هـــذه . الألدوســـتيرون المـــنظم لهـــا فـــي الـــدم للأطفـــال المصـــابين بلـــدغ العقـــرب

ولقـد أجريـت . الوسائط البيوكيميائية المؤثرة على الأوعية الدمويـة وشـدة الإصـابة والنتـائج المترتبـة عليهـا
تراوحــت أعمــارهم بــين الســنة والثالثــة هــذه الدراســة علــى أربعــين طفــل ممــن تعرضــوا للــدغ مــن الجنســين 

وتـــم مضـــاهاة )  منوســـطة وحرجـــة(عشـــر  ســـنة وبنـــاءاعلى شـــدة الإصـــابة تـــم تقســـيمهم إلـــى مجمـــوعتين 
القياســــات الاكلينكيــــة والمعمليــــة الروتينيــــة و القياســــات البيوكيميائيــــة بعشــــرة أطفــــال أصــــحاء فــــي مــــدى 

ت البيوكيميائيــة فــي عينــة مــن دم الأطفــال عنــد وشــملت القياســا.الأعمــار المدروســة كمجموعــة ضــابطة
اســـتقبالها بالمستشـــفى وأخـــرى بعـــد مـــرور يـــوم واحـــد علـــى الأداء الطبـــي والرعايـــة الصـــحية لهـــم لتشـــمل 

وانزيمـه المحـول لـه وكـذلك  ٢القياسات تقدير مسـتويات الأدرينـالين والنورأدرينـالين و بيبتيـد الأنجيوتنسـين
ـــزيم الكاليكـــارين وشـــقوق أكســـيد ـــات مـــن الصـــوديوم و البوتاســـيوم  إن النيتريـــك الحـــرة فضـــلا عـــن الكاتيون

ـــدخول . والكالســـيوم و هرمـــون الألدوســـتيرون المـــنظم لهـــا ـــائج  البيوكيميائيـــة المقاســـة عنـــد ال وكانـــت النت
مباشــرة إلــى أن زيــادة إحصــائية جوهريــة قــد طــرأت علــى مســتويات هرمــوني الأدرينــالين والنورأدرينــالين و 

والإنـزيم المحـول لـه فضـلا عـن الألدوسـتيرون وكـذلك شـقوق أكسـيد النيتريـك الحـرة  ٢يوتنسينبيبتيد الانج
وايــــون الصــــوديوم فــــي مقابــــل تنــــاقص جــــوهرى فــــي مســــتويات إنــــزيم الكاليكــــارين وعنصــــري البوتاســــيوم 

وبعــد مــرور يــوم واحــد مــن دخــول المستشــفى فقــد ظلــت . والكالســيوم مقارنــة بمجموعــة الأطفــال الأصــحاء
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والإنـــزيم المحـــول لـــه فضـــلا عـــن شـــقوق أكســـيد النيتريـــك الحـــرة مرتفعـــة  ٢ات بيبتيـــد الأنجيوتنســـينمســـتوي
بينمـــا لـــم يلاحـــظ أي إخـــتلاف جـــوهري فـــي مســـتوى إنـــزيم الكاكـــارين مقارنـــة . بطريقـــة إحصـــائية جوهريـــة

ميائيــة وممــا ســبق يتبــين لنــا الــدور الهــام الــذي تلعبــه هــذه الوســائط البيوكي. بمجموعــة الأطفــال الأصــحاء
المــؤثرة علــى الأوعيــة الدمويــة فــي التطــور المرضــي لفشــل الأعضــاء والوفــاة فــي حــالات الإصــابة بلــدغ 
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