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Abstract
Background: The antioxidant defense system has been subject to 

investigations in various cardiovascular diseases. The studies of its status 
in paroxysmal atrial fibrillation are scarce. The enzyme glucose-6-
phosphate dehydrogenase is the main source of reducing equivalents 
and its activity is crucial for the antioxidant defense system of the cell.

Purpose: To study the activity of glucose-6-phosphate 
dehydrogenase in dynamics as an indicator of the antioxidant 
defense system in patients with paroxysmal atrial fibrillation (<48 hours).

Patients and methods: The enzyme was studied in erythrocytes of 
51 patients (59.84±1.60, 26 males) immediately after hospitalization, 
24 hours and 28 days after sinus rhythm restoration. It included also 
52 healthy controls (59.50±1.46, 26 males), matching the patients by 
gender and age. The rhythm regulation was achieved by propafenone. 
The enzyme activity was determined spectrophotometrically. 

Results: The mean duration of atrial fibrillation episodes prior 
to hospitalization was 8.1 hours, the majority of the patients being 
hospitalized on the 5th hour from the arrhythmia onset. Upon admission, 
the patients’ enzyme activity was lower as compared to the controls 
(2.50±0.10 vs 2.90±0.15 nmol NADP+ min/mg Hb, p<0.05). The difference 
was retained for twenty-four hours after rhythm regulation (2.41±0.09 vs 
2.90±0.15 nmol NADP+ min/mg Hb, p<0.05). On the twenty-eighth day, 
there was no significant difference (2.63±0.08 vs 2.90±0.15 nmol NADP+ 
min/mg Hb, р>0.05). 

Conclusion: In the early hours of its clinical manifestation, 
paroxysmal atrial fibrillation is associated with reduced glucose-6-
phosphate dehydrogenase activity, which persists after sinus rhythm 
restoration and is slowly increased with time. In essence, the changes 
in enzyme activity reflect changes in antioxidant defense system. 
Furthermore, the specific dynamic is suggestive of close relation to 
the rhythm disorder. Future studies would allow for determination 
of the precise role of the antioxidant defense system in the disease 
pathogenesis as well as its significance for the disease prevention and 
treatment.

incidences being similar to that in persistent and permanent AF [9]. 
The high morbidity, the usually progressive course of the disease and 
the frequent complications are the reasons for the numerous studies in 
search of the mechanisms participating in the arrhythmia triggering 
and maintenance.  

The literary data increasingly suggest the potential role of the 
oxidative stress in the AF pathogenesis [10-13]. The studies focus 
mainly on permanent AF and the patients comprise a heterogeneous 
population with comorbidities associated with antioxidant disorders 
[14-17]. There are singular studies on the condition of the oxidant 
and antioxidant system in PAF, the data being based primarily on 
experimental models and the indicators of the oxidative status are 
most frequently studied at a single moment [11,18,19]. 

Glucose-6-phosphate dehydrogenase (Glu-6-PhD) is the first and 
rate-limiting enzyme from the pentose phosphate pathway (PPP) of 
all cells in the human organism. It catalyzes the synthesis of riboses 
which are necessary for the nucleic acid production (Figure 1). The 
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Introduction
It is known that the changes in the oxidant status of the 

organisms play a significant role in the pathogenesis of a number 
of cardiovascular diseases [1-4]. The reactive oxygen species have 
a bearing on the development of endothelial dysfunction, the 
rupture of atherosclerotic plaques, the manifestation of heart failure, 
hemorrhagic stroke, etc. [5-7]. 

The paroxysmal atrial fibrillation (PAF) is one of the five types of 
atrial fibrillation according to its clinical presentation and duration. 
Although AF paroxysms may continue up to 7 days, clinically 
important are the first 48 hours which allow for acute regulation 
of the rhythm. PAF comprises between 25% and 62% of all cases of 
atrial fibrillation (AF) [8], the risk of stroke and thromboembolic 

Figure 1: Role of glucose-6-phosphate dehydrogenase for the synthesis of 
riboses and NADPH in the cell
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enzyme is a main source of NADPH, which, in its turn, is needed 
for the recovery of the reduced form of the important non-enzyme 
antioxidant glutathione (GSH) [20]. GSH prevents the oxidative 
damage of the nucleic acids, lipids and proteins by neutralizing 
directly the physiological and pathologically generated active oxygen 
forms. The GSH levels in the cell have a direct dependence on the 
levels of NADPH, thus making the non-enzyme antioxidant defense 
strongly dependent on Glu-6-PhD [21]. 

On the other hand, the experimental studies indicate that NADPH 
directly stimulates the catalytic center of one of the most important 
antioxidant enzyme catalase [22]. It converts the hydrogen peroxide 
into water and prevents the formation of highly reactive hydroxyl 
radicals with a powerful oxidative potential. 

The NADPH, obtained as a result of the catalytic action of Glu-
6-PhD, influences both the non-enzyme and the enzyme antioxidant 
system [22]. This determines Glu-6-PhD as a key “defensive” enzyme 
for all cells [23]. Changes in its activity are associated with changes 
in the antioxidant system. It is the only NADPH-producing enzyme 
whose activity changes rapidly under conditions of oxidative stress 
[24]. 

The above facts were determining for the formulation of the 
purpose of our study.  

Purpose
To study the dynamics of the Glu-6-PhD activity as an indicator 

of the antioxidant defense system in patients with paroxysmal atrial 
fibrillation (< 48 hours).

Patients and Methods
Patients

The study was conducted in the Intensive Cardiology Unit of 1st 
Clinic of Cardiology at University Hospital “St. Marina”- Varna for 
the period from October 2010 to May 2012 after the approval of the 
Scientific Research Ethics Commission at the above hospital and in 
accordance with the requirements of the Helsinki Declaration [25]. 

A total of 338 patients with PAF (< 48 hours) were screened to the 
study. Because of accompanying diseases, intake of some medicaments 
and/or inability to precisely specify the arrhythmia onset, 259 
patients dropped out of the study (cf exclusion criteria). A criterion 
for determining the time span of rhythm disorder was the patients’ 
detailed case history, in which they determined the beginning of the 
episode of atrial fibrillation on the basis of a subjective sensation 
of ‘palpitation’. The electrocardiographic investigation performed 
immediately after hospitalization and the screen monitoring were 
used to confirm the diagnosis. 

For sinus rhythm restoration propafenone was administered to the 
rest of the patients (79 patients) according to the established scheme, 
namely i.v. 2 mg/kg bolus, followed by infusion in a dose 0.0078 
mg/kg/min per 120 min. In cases of persistent rhythm disorder, the 
treatment with propafenone was continued р.о. in a dose of 300 mg 
three times daily in an interval of 8 hours [26,27]. The total duration of 
the used scheme for the sinus rhythm recovery with propafenone was 
a maximum of 24 hours, within which sinus rhythm was registered 
in 56 participants in the study (31 men, 25 women). Until the end of 
the study (28 days after rhythm restoration) all the 56 patients took 

p.o. propafenone 150 mg three times daily as maintenance dose. No 
recurrences of PAF were observed till the end of the study.

After equalization of the patients’ group in terms of gender 
structure, 51 patients were selected to the study, mean age 59.84±1.60 
years (31-77 years) of whom 26 male (50.9%) and 25 female (49.1%).

So far, there have been no literary data about the effect of 
propafenone on the oxidant status of patients with paroxysmal atrial 
fibrillation. Our preliminary studies, conducted in vitro, did not 
establish an antioxidant effect of the medication either. 

The control group was formed as identical to that of the patients’ 
in terms of gender, age, accompanying diseases and body mass index 
(BMI) in order to eliminate their influence on our results. A total of 
169 controls were screened to the study, of which 52 were selected to 
the study. The mean age of the controls was 59.50±1.46 years (30-76 
years), the males and females being of equal number 26 (50%). Up 
to this point of the study, the investigated controls had not reported 
history or electrocardiographic data for registered AF episodes.

The following exclusion criteria for the study participation were 
used:

1.  Cardiovascular diseases, namely: ischemic heart disease 
(myocardial infarction, acute coronary syndrome or coronary 
revascularization - PCI/CABG, angina pectoris); chronic 
heart failure; uncontrollable hypertension; implanted 
device for the treatment of rhythm-conducive disorders; 
inflammatory heart diseases – myocarditis, pericarditis, 
infectious endocarditis, congenital valvular defects; moderate 
or severe acquired valvular defects; cardiomyopathies. 

2. Other diseases – chronic renal failure; diseases of the central 
nervous system; inflammatory and/or infectious diseases for 
the previous three months; neoplasmic diseases; autoimmune 
diseases; chronic pulmonary diseases; liver insufficiency; 
diseases of the endocrine nervous system (except for diabetes 
mellitus type 2, non-insulin dependent, well controlled).

3. Intake of hormone-replacement therapy or contraceptives; 
systematic intake of analgesics, incl. non-steroidal anti-
inflammatory drugs.

4. Inability to precisely specify the arrhythmia onset.

5. Persistence of the arrhythmia after the 24 hours’ scheme of 
propafenone; converting PAF by electrical cardioversion; 
recurrence of the atrial fibrillation, after sinus rhythm 
restoration; 

The same exclusion criteria were applied both to the patients and 
the controls. 

Obtaining erythrocytes: determination of Glu-6-PhD 
activity

Blood samples were taken from the patients with PAF three times, 
e.g. immediately after their hospitalization in the ward, as well as on 
the 24th hour and on the 28th day after the restoration of the sinus 
rhythm. The investigation of the Glu-6-PhD activity on the twenty-
eighth day was determined by means of a preliminary investigation. 
Blood samples were taken from the controls once.

The Glu-6-PhD activity was determined in the erythrocytes 
obtained in 4 ml venous blood collected in a heparin vacutainer 
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(Vacuette/4.0 ml/Li Hep). The blood was centrifuged at 600 g 
for 10 min. The obtained plasma was discarded, the erythrocytes 
were washed in 1 ml normal saline (0.9% NaCl), centrifuged again 
under the above conditions and the supernatant was removed. The 
erythrocyte washing was performed twice. The resultant erythrocyte 
suspension was frozen at -70 ºС and stored at this temperature for 
up to six months. A 5%-erythrocyte suspension was used for the 
investigation of the indicators in the erythrocytes.     

The enzyme activity was determined by the method of Cartier 
et al. [28] in a reaction environment, containing 100 мМ potassium 
phosphate buffer, 5 мМ glucose-6-phosphate and 0.5 мМ NADP+, 
the reduction of NADP+ being measured spectrophotometrically in 
340 nm. The enzyme activity was calculated in nmol/min/mg Hb 
at a molar extinction coefficient 6.22х106 M-1cm-1. Each specimen 
was examined three times, the results being with high degree of 
repeatability, and the mean value of them was taken in consideration.

Statistical analysis of the results

The statistical processing of the results was carried out by means 
of software product GraphPad Prism 4. Descriptive statistics was 
used for the calculation of indicators of relative share, mean values, 
standard error of the mean (SEM) and central tendency mode (Mo). 
Analysis of the hypotheses was made through Student’s t-criterion for 
comparing mean values and indicators of relative share at reliability a 
level 0.95 (values р<0.05 are considered statistically significant). 

The results were presented as a mean value ± SEM arithmetic ( x  ± S x ).

Results
Indicators, characterizing the participants in the study

In terms of number of participants, mean age and gender 
structure, the group of the patients with PAF was comparable with the 
control group (р>0.05).

The group of the patients with PAF was statistically identical to 
the control group in terms of the accompanying diseases, body mass 
index, medication for treatment of hypertension and dyslipidemia as 
well as the presented echocardiographic indicators (р>0.05) (Table 1).

According to data from the history taking, the mean duration 
of the AF episodes up to the hospitalization was 8.1 hours (from a 
minimum of 2 hours to a maximum of 24 hours), the patients being 
hospitalized most frequently on the 5th hour from the onset of the 
arrhythmia (Mo=5 hours). 

Activity of the antioxidant enzyme Glu-6-PhD 

The results obtained from the investigation of Glu-6PhD activity 
are presented in Figure 2. From this, it is obvious that at the baseline in 
patients with PAF the Glu-6-PhD activity was reduced, as compared 
to the controls (2.50±0.10 vs 2.90±0.15 nmol NADP+ min/mg Hb, 
p<0.05). Twenty-four hours following the restoration of the sinus 
rhythm the lower enzyme activity persisted in comparison to the 
controls (2.41±0.09 vs 2.90±0.15 nmol NADP+ min/mg Hb, p<0.05). 
On the twenty-eighth day, no significant differences were established 
in comparison to the controls (2.63±0.08 vs 2.90±0.15 nmol NADP+ 

min/mg Hb, р>0.05). 

Discussion
There is an increasing body of evidence in modern literature 

about the importance of Glu-6-PhD for the antioxidant defense 

system of the cell. A study conducted by No et al. on in vitro obtained 
Glu-6-PhD-deficient fibroblasts, showed a premature ageing of cells 
resulting from elevated levels of reactive oxygen forms [29]. Pandolfi et 
al. established that the created cell line totally deficient of Glu-6-PhD, 
had high percentages of cell death at low oxidant concentration [23]. 
According to Xu et al., the reduced activity of the enzyme is sufficient 
to develop oxidative stress which is a logical consequence of decreased 
levels of NADPH and GSH [30]. The Glu-6-PhD-deficient vascular 
endothelial cells obtained under laboratory conditions exhibited 
elevated levels of reactive oxidative forms and reduced glutation 
[31]. These and a number of other experimental studies prove that 
the antioxidant defense system is strongly dependent on the activity 
of Glu-6-PhD. The partial or total inhibition of this enzyme renders 
the cells extremely vulnerable to oxidative damage. Any change in 
the activity of Glu-6-PhD leads to a change in the levels of NADPH, 
which is of utmost importance for the oxidative balance of the cell and 
influences inevitably the antioxidant defense. 

The results from our study show significantly reduced activity of 
Glu-6-PhD upon patients’ hospitalization (Figure 2). Examined in 
the context of the above literary data, the established lower baseline 
values of enzyme activity give us grounds to believe that the patients 
have lowered levels of antioxidant defense early after the clinical 
manifestation of the arrhythmia (mean 8.1 hours after the episode 
onset). It is noteworthy that we obtained these results exactly while 
examining Glu-6-PhD exactly in erythrocytes. Unlike in the majority 
of cells having the alternative of PPP for generating NADPH, in the 

Patients with 
PAF Control group P value

Number of participants in the 
group 51 52 P>0.05

Age (years) 59.84±1.60 59.50±1.46 P>0.05

Men/Women 26/25 26/26 P>0.05

Accompanying diseases

Hypertension 37 (72.5%) 34(65.4%) P>0.05

Diabetes mellitus type 2 3 (5.9%) 2(3.8%) P>0.05

(Chronic ulcer disease) 2 (3.9%) 0 P>0.05

Status after hysterectomy 2 (3.9%) 1(1.9%) P>0.05

(Benign prostatic hypertrophy) 1(1.9%) 0 P>0.05

(Dyslipidemia) 4(7.8%) 3(5.8%) P>0.05

Body Mass Index (BMI) 23.85±0.46 kg/m² 24.95±0.45 
kg/m² P>0.05

Medicaments for Hypertension and Dyslipidemia

Beta blockers 19 (37.3%) 17(32.7%) P>0.05

ACE inhibitors 15 (29.4%) 14(26.9%) P>0.05

Sartans 11 (21.6%) 9(17.3%) P>0.05

Statins 4 (7.8%) 3(5.8%) P>0.05

Echocardiographic measurements

LVEDD mm 52.57±0.58 52.29±0.57 P>0.05

LVEF% 62.98±0.70 61.54±0.58 P>0.05

LA volume ml/m² 22.81±0.45 23.82±0.48 P>0.05

Table 1: Characteristics of the patients with PAF and the healthy controls.

LA: left atrium; LVEF: left ventricular ejection fraction; LVEDD: left ventricular 
end-diastolic volume
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human erythrocytes, the lack of mitochondria determines PPP as 
the only source of producing NADPH. This makes the antioxidant 
defense system of the erythrocytes entirely dependent on Glu-6-PhD 
[32]. Therefore, the low enzyme activity established in our study 
predetermines the unilateral changes in the antioxidant system of the 
erythrocytes and a disorder in their oxidant balance.

It is known that the erythrocytes are a reliable model for studying 
the oxidant status of the whole organism [33]. They are among the first 
cells which are affected during the development of oxidant stress [34]. 
Due to this fact, the decreased Glu-6-PhD activity in patients with 
PAF should not be looked at as an isolated intracellular change but a 
very early manifestation of the oxidant state of the whole organism. 

In addition, exactly the early changes in the enzyme activity 
(mean 8.1 hours from the onset of the PAF episode), give us grounds 
to assume that most likely they are closely linked to the mechanisms 
responsible for the disease manifestation. 

The results obtained on the 24th hour after the arrhythmia 
interruption by medication are of particular interest. The levels of 
enzyme activity are preserved low in spite of the already restored sinus 
rhythm. This fact inevitably raises the question about the interrelation 
between the disease and the persistent changes in the antioxidant 
defense system. The study in dynamics even in one indicator allows 
us to assume that the antioxidant system has a bearing on the 
pathogenesis of PAF, which has been proved for other cardiovascular 
disease [1-4]. Certainly, the question remains open to a large extent 
and required further investigation both on the antioxidant system and 
the oxidant system related to it. 

Twenty-eight days after the arrhythmia episode the activity 
of Glu-6-PhD in patients does not differ significantly from that of 
the healthy controls. The monitoring of the enzyme activity with 
time shows that the changes in the antioxidant defense system are 
preserved for a longer period of time than the clinical manifestations 
of PAF and their restoration occurs slowly. This fact is indicative for 
the presence of complex regulatory mechanisms responsible for the 
recovery of the antioxidant system. Furthermore, a profound study is 
needed on the importance of the oxidant status affecting the clinical 
course of the disease. 

In conclusion, our study indicated that in the early hours of its 

clinical manifestation PAF is associated with reduced activity of 
Glu-6-PhD, which persists after the restoration of the sinus rhythm 
and increases gradually with time. Having in mind the major role 
of the enzyme in the oxidative balance of the cell, we can conclude 
that in essence, the changes in its activity reflect identical changes in 
the antioxidant defense system. Moreover, their specific dynamics is 
suggestive of their interrelation to the rhythm disorder. Future studies 
would allow us to determine the precise role of the antioxidant system 
in the disease pathogenesis and its importance for its prevention and 
the treatment of PAF.
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