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Abstract: The aim of the study was to investigate the effect of theophylline on serum magnesium 
(Mg++) and uric acid levels in children with asthma and the relationship between hyperuricemia and 
serum nitric oxide metabolite levels (NO2) in the same group of patients. Patients and methods: Forty 
four known asthmatic children who has been referred to pediatrics clinic of the National Research 
Center- Egypt. They were diagnosed as cases of asthma and categorized according to their asthma 
severity based on revised GINA Guidelines. The patients received slow release theophylline around the 
clock for at least one month (200-400mg /24 hours). Exclusion criteria included children with chest 
troubles other than bronchial asthma such as pneumonia, bronchitis, obvious clinical signs of joint 
disease, hypertension and cardiac disease. Twenty four age and sex matched healthy children included 
in the study as a control group. All the children in this study were subjected to the following: 
pulmonary function test, measurement of serum, Mg++, uric acid and NO2. Results: There was a 
significant decrease in serum Mg++ in patients compared to controls (P=0.01). There was significant 
increase in serum uric acid in patients compared to controls (P= 0.01) and a highly significant increase 
in serum NO2 in patients compared to control (P= 0.001). There was a significant negative correlation 
between duration of treatment with theophylline in asthmatic children and serum Mg++ (r= 0.47, P= 
0.03) while no significant correlation between duration of treatment with theophylline and serum uric 
acid (P>0.05). There was a highly significant positive correlation between serum uric acid and serum 
NO2 in asthmatic children (r=0.71, P= 0.001). Conclusion: Serum Mg++ and uric acid should be 
monitored in patients receiving treatment of theophylline for bronchial asthma. Hyperuricemia has 
been associated with increasing serum NO2 and regarded as a major risk factor associated with vascular 
endothelial dysfunction and related cardiovascular complications.  
 
Key words: Childhood asthma, theophylline, magnesium, uric acid, nitric oxide.  

 
INTRODUCTION 

 
 Theophylline (1, 3 dimethylxanthine) has bronchodilatory and immunomodulatory action that may account 
for its clinical effectiveness for the control of acute and chronic asthma. Its immunomodulatory action includes 
inhibition of cytokine and leukotriene synthesis and inflammatory cell activation. (Yasuki and Komiyama, 
2001).  
 Theophylline affects serum electrolyte balance through its action on hormonal control of electrolytes. 
(Lagente, et al., 1995). In addition theophylline increases production of urine and enhances of water and 
electrolytes. (Alamoudi, 2001).  
 Hypomagnesaemia in asthma is associated with increases incidence of wheeze, impairment of lung function 
and more significantly, increased bronchial hyper-reactivity. (Rolla and Bucca, 1989).  
 Theophylline increased the plasma concentrations of purine bases (uric acid, hypoxanthine and xanthine) 
without a decreased urinary excretion of these purine bases in normal subjects. (Yamamoto, et al., 1991). 
Hyperuricemia has been reported to generate reactive oxygen species (ROS) through activation of NADPH 
oxidase and xanthine oxidase. (Stazzulo and Puig, 2007; Hayden and Tyagi, 2004). Oxidative stress decreases 
the generation and bioavailability of nitric oxide (NO2) and thus impairs endothelium dependent vasodilatation. 
(Khosla, et al., 2005; Zinnet and Hare, 2006). Since NO2 is produced by three types of nitric oxide synthases 
(NOSs) rapid changes in stable oxidized metabolites (nitrite, nitrate and NO2) in the tissues and blood should be 
represented by the amount of stable forms in serum and may reflect vascular activities and circulatory or 
inflammatory changes in the body.(Higashino, et al., 2010).  
 So, the aim of this study was to investigate the effect of theophylline on serum magnesium and uric acid 
levels in children with bronchial asthma and the relationship between hyperuricemia and serum nitric oxide 
metabolite levels in the same group of patients.  
 
Patients and Methods:  
  Forty four known asthmatic children (20 males and 24 females) who has been referred to pediatrics clinic of  
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the National Research Center (NRC)–Egypt. They were diagnosed as cases of asthma by history of repeated 
reversible attacks of wheezing, chest tightness and dyspnea. (Andrew, et al., 2008). Because of exacerbation of 
asthma, bronchodilator therapy was standardized. Asthmatic children were categorized according to their 
asthma severity into mild persistent, moderate persistent and severe persistent cases based on revised (GINA 
Guidelines, 2008). The patients received slow release (S-R) theophylline round the clock for at least one month 
(200-400mg /24 hours).  
 No other anti-asthmatic therapy before the study (1month for steroids and 1 week for long acting B2 
agonist).  
 Exclusion criteria included children with chest troubles other than bronchial asthma such as pneumonia, 
bronchitis, obvious clinical signs of joint disease, hypertension and cardiac disease.  
 Twenty four age and sex matched apparently healthy children (13males, 11 females) who were relatives of 
the patients included in the study as a control group. This study was conducted over 1 year from January to 
December 2010. Parental consent for all children was obtained according to the form approved by the Ethics 
Committee of the NRC.  
 All children in this study were subjected to the following:  
 
Pulmonary Function Test:  
 Pulmonary function test was performed using a spirometer (Fukuda Denshi, Spirosift sp 5000). At least 
three technically accepted maneuvers were performed and the best value was recorded. The results of spirometer 
were expressed as a percentage of the predicted value adjusted for age, gender, weight, height and race 
according to references values published by (American thoracic society, 1991).  
 
Serum Magnesium and Uric Acid:  
 Two milliliters of venous blood were drawn from each patient for estimation of serum magnesium and uric 
acid with autoanalyzer method using autoanalyzer machine Olympus Au 400.  
 
Serum Nitric Oxide:  
 Serum nitric oxide level was measured by colouremetric assay using nitric oxide assay kit supplied by R 
and D system, Inc 614 Mckinley place NE 55413, USA. Catalog number KGE 100. (Tsikas, 2005).  
 
Statistical Methods:  
 Statistical package for social science (SPSS) program version 9 was used for analysis of data. Student's t-
test for quantitative independent variables was used for analysis of difference between two groups. Also, 
Pearson's bivariate correlation was used, r value is considered weak if < 0.5, moderate between 0.5-0.75 and 
strong if > 0.75. P value <0.05 was considered statistically significant.  
 

RESULTS AND DISCUSSION 
  
 Table 1: shows the demographic data of the studied group with no significant difference regarding age, 
weight and Height. Duration of treatment of asthmatic children with theophylline range from 1-10 years and 
dose range from 200-400 mg/day. 
 
Table 1: Demographic data of the studied groups.  

Items 
Patients 
(n=22) 

Controls 
(n=12) 

P-value 

Age (years)  (8-18)* (7-17)*  
Mean ± SD  10.55 ± 2.50 11.25 ± 2.26 0.4 
Weight (kg) (23-65)* (25-70)*  
Mean ± SD 36.23 ± 10.96 36.17 ± 13.78 0.9 
Height (cm)  (122-160)* (125-165)*  
Mean ± SD 140.68 ± 13.12 144.50 ± 12.12 0.4 
Duration of treatment (years) (1-10)* -  
Mean ± SD 5.50 ± 3.74   
Dose of theophyllinc (mg) (200-400)* -  
Mean ± SD 290.91 ± 21.73   

* Minimum to maximum.  
P< 0.05 is significant. 

 
 Laboratory parameters and values of pulmonary function tests in asthmatic children and controls are 
demonstrated in table 2. There was a significant decrease in serum Mg++ in patients compared to controls 
(P=0.01). While there was a significant increase in serum uric acid in patients compared to controls (P= 0.04) 
and a highly significant increase in serum NO2 in patients compared to controls (P= 0.001). Also, table 2 show a 
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highly significant decrease in forced expiratory volume in one second (FEV1%) and peak expiratory flow rate 
(PEFR%) (P= 0.001).  
 
Table 2: Laboratory parameters and values of pulmonary function tests in patients and controls. 

Items 
Patients 

Mean ± SD 
Controls  

Mean ± SD 
P-value 

Serum Mg++ (mg/dl) 2.17 ± 0.22 2.41 ± 0.27 0.01 
Serum uric acid (mg/dl) 5.62 ± 1.12 4.82 ± 0.81 0.04 
Serum NO2 (mmol/L) 49.8 ± 11.86 39.38 ± 4.17 0.001 
EFVt % 51.45 ± 15.93 84.75 ± 3.86 0.001 
PEFR%  56.05 ± 13.96 87.5 ± 5.39 0.001 

Mg++: magnesium.                    NO2: nitric oxide. 
FEV1 = forced expiratory volume in one second.  
PEFR: peak expiratory flow rate.  
P<0.05 is significant.  
P< 0.01 is highly significant. 

 
 There was a significant negative correlation between duration of treatment with theophylline in asthmatic 
children and serum Mg++ (r=-0.47, P= 0.03).  
 

r=-0.47, P=0.03
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Fig. 1: Correlation between duration of treatment with theophylline and serum magnesium in asthmatic  
            children. 
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Fig. 2: Correlation between serum uric acid and serum nitric oxide in asthmatic children. 
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 On the other hand there was no significant correlation between duration of treatment with theophylline and 
serum uric acid (P>0.05).  
 Meanwhile there was a highly significant positive correlation between serum uric acid and serum NO2 in 
asthmatic children (r=0.71, P=0.001).   
 There was no significant correlation between Dose of theophylline with serum Mg++, uric acid and NO2 in 
asthmatic children (P>0.05).   
 
Table 3: Correlation of dose of theophylline with serum Mg++, uric acid and NO2 in asthmatic patients.  

Item 
Dose of theophylline 

r- value P-value 
Serum Mg++  0.15 0.4 
Serum uric acid  0.37 0.09 
Serum NO2 0.25 0.3 

NO2: nitric oxide. 
Mg++: magnesium. 

 
Discussion:  
 The effect of theophylline on the concentration of serum magnesium and uric acid was investigated.  
 Magnesium is an intracellular ion. Serum Mg++ levels correlate poorly with the total body store and serum 
Mg++ may appear normal in spite of depletion of body store. The estimation of Mg++ level in RBC, WBC or 
muscle cell will be more representative of the body store but it is expensive, not easily available and not 
clinically applicable.(Das, et al., 2010). Serum Mg++ level, therefore is often used to assess the change in the 
Mg++ status despite its limitation. We also have measured serum Mg++ level in our study as these expensive tests 
are not available in our institution. In this study there was a significant decrease in serum Mg++ in patients 
compared to controls (P<0.01) and significant negative correlation between duration of treatment with 
theophylline and serum Mg++ level. Similarly, (Amin , et al., 2003) found that hypomagnesaemia was seen in all 
asthmatic patients (acute and chronic) who were on theophylline (P<0.01). Also (Alamaudi, 2001) demonstrated 
that hypomagnesaemia and hypophosphatemia were found to be the two most common electrolyte disturbances 
in patients with chronic stable asthma receiving theophylline. (Knutsen, et al., 1994) reported that theophylline 
may exert adverse effect on the urinary excretion of magnesium, calcium and sodium. Causes of magnesium 
deficiency in asthma may be multifactorial. It may be genetically determined. (Henrotte, et al., 1990). It is also 
attributed to either low magnesium intake in asthmatic or increased urinary loss of magnesium as a side effect of 
therapy with B2 agonist, corticosteroid and theophylline. (Boss, et al., 1988; Rolla, et al., 1990; Haffner and 
Kendall, 1992). In our study we did not consider the dietary pattern of the patients.  
 In the current study there was a significant increase in serum uric acid in asthmatic children receiving 
theophylline compared to controls P=0.001 while no significant correlation between duration of treatment and 
serum uric acid level. (Shimizu, et al., 1994) observed hyperuricemia in both acute and chronic asthmatic 
children and all the children in whom theophylline administration was stopped showed a significant decrease in 
serum uric acid. Recently, (Yamamoto, et al., 1991; Yoshihara, et al., 1993; Amin, et al., 2003) were reported 
that xanthine derivatives induced hyperuricemia. (Amin, et al., 2003) has described gout due to xanthine 
derivatives. This has been observed in other studies by (Yoshihara, et al., 1993; Shimmizu, et al., 1994).  
 In this study there was a significant increase in serum NO2 in asthmatic children receiving theophylline 
compared to controls and a significant positive correlation between serum NO2 and serum uric acid.  
 Hyperuricemia is a pathological condition associated with an increase in serum uric acid level. The normal 
serum concentration of uric acid lies between 2 to 6 mg/dl and in hyperuricemia the level goes beyond 7mg/dl in 
male and 6.5 mg/dl in female. (Balakumar, et al., 2009). Gout is an inflammatory disorder associated with high 
uric acid level and has been reported to produce vascular pathogenesis. (Choi, et al., 2008). Uric acid is an 
intermediate product formed from purine metabolism. The increased uric acid synthesis by purin metabolism, 
reduction in activity of uricase oxidase, a metabolizing enzyme of uric acid and impairment in renal excretion of 
uric acid have been implicated in the induction of hyperuricemia.(Duan and Fing, 2008).  
 Endothelium an autonomous organ, is functioning as a biological barrier for the movement of blood cells 
and various solutes come across the vascular smooth muscle cells (VSMC). (Esper, et al., 2006).  
 (Balakumar, et al., 2007). reported in their study that the endothelium regulates the vascular tone and 
permeability and maintains the balance between coagulation and fibrinolysis and also that the endothelium is 
known to regulate the release of variety of vascular regulatory mediators such as nitric oxide (NO2), prostanoids, 
Vonwillebrand factor (VWF), endothelin 1, adhesion molecules and cytokines. Nitric oxide, a major mediator 
released from endothelium. (Balakumar, et al., 2008).  
 Numerous studies have elicited the significant role of hyperuricemia in accelerating vascular endothelial 
dysfunction (VED). (Khosla, et al., 2006), (Johnson, et al., 2003). They demonstrated that hyperuricemia has 
been noted to decrease the vascular generation of NO2 through inactivation of endothelial nitric oxide synthase 
(eNOS). Nitric oxide has been noted to possess vasodilatory, anti-platelet, anti-proliferative, anti-atherogenic 
and anti-inflammatory properties. (Mysliwiec, et al., 2004).  
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 Moreover, hyperuricemia has been shown to produce reactive oxygen species (ROS) excessively through 
activation of NADPH and xanthine oxidase. The formation of ROS has been reported to generate various 
vasconstricting mediators, which may affect the function of endothelium. (Stazzullo and Puig, 2007).  
 (Abdermann and his colleagues, 2004) found in their study that the C-reactive protein (CRR) level is 
increased in hyperuricemia induced VED and reported that the elevated level of CRP impairs the generation and 
bioavailability of NO2 by down regulating the eNos expression. Savoia and Schiffrin. (2007) found that VED 
plays a critical role in the pathogenesis of various cardiovascular disorders such as atherosclerosis, hypertension, 
coronary artery diseases and heart failure. Various factors such as hypercholesterolemia, hyperuricemia, obesity, 
estrogen deficiency, cigarette smoking, alcohol consumption and sedentary life style are involved in the 
pathogenesis of VED. (Yamamoto, et al., 1991).  
 (Baker and his coworkers, 2005) concluded in their study that Hyperuricemia is one of the major factors 
suggested to play a pivotal role in the pathogenesis of VED and its associated cardiovascular disorders like 
hypertension, atherosclerosis and heart failure.  
 The study concluded that serum magnesium decreased in asthmatic children receiving treatment of 
theophylline particularly if a prolonged period of bronchodilator therapy is required. Theophylline induced purin 
degradation seems to be a cause of the increased concentration of serum uric acid. Hyperuricemia has been 
associated with increased serum NO2. Hyperuricemia has been regarded as a major risk factor associated with 
VED and related cardiovascular complications.  
 The study recommended monitoring of serum magnesium and uric acid in asthmatic children receiving 
treatment of theophylline.  
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