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ABSTRACT 
Background: Hypoxia is one of the most frequently encountered stresses in health and disease. Methods: We com-
pared the effects of an anti-β1 periodontal IgG (pIgG) and an authentic β1 adrenergic agonist, xamoterol, on iso-
lated myocardium from rat atria contractility. We used an ELISA assay to measure the generation of PGE2 in vitro 
after the addition of either the antibody or the adrenergic agonist. We analyzed the myocardium histopathological-
ly in the presence of both the antibody and/or the adrenergic agonist drug during normoxia, hypoxia and reperfu-
sion conditions. Results: PGE2 generation increased during the hypoxia and was unchanged during reoxygenation 
period compared with the production of this prostanoid in atria during normoxia condition. A β1 specific adreno-
ceptor antagonist atenolol and the β1 synthetic peptide abrogated the increment of the prostanoid in the presence of 
pIgG but only atenolol due to it in the presence of xamoterol. The increment of PGE2 was dependent on the activa-
tion of cox-1 and cox-2 isoforms. Moreover, cox-2 was more active and produced more increments in the production 
of PGE2 in the presence of the pIgG than cox-1 activation. Histopathologically, studies of myocardium specimens 
during these different periods of the experimental protocol: basal (B), hypoxia (H) and reoxygenation (R), were also 
performed and showed tissue necrosis and edematization at the myocardium level. Conclusion: The phenomenon 
studied here supports the notion that PGE2 may be responsible for tissue edematization. PGE2 maybe acts as a 
beneficial modulator in the myocardium and prevents a major injury of it. The inflammation damage to the heart or- 
gan and cardiomyocytes caused by the actions of the antibodies in the course of heart lesions provoked by cardiovas- 
cular autoimmune disease, explains some of these results obtained in the present experiments. Further studies will 
be needed to establish the real role of PGE2 during hypoxia injury of the heart in the course of autoimmune diseases. 
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1. Introduction 
Much research has been carried out into intermittent hy-
poxia and has shown that it may be imposed by physio-

logical challenges, including strenuous exercise or spend- 
ing time at high altitude, or by various diseases, includ-
ing obstructive lung disease, asthma and systemic hyper-
tension, myocardial infarction, stroke and cognitive dys-
function [1-4]. *Corresponding author. 
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Intermittent hypoxia has been demonstrated to have 
powerful protective capabilities, and current studies are 
revealing important details regarding the mechanisms of 
hypoxia-induced cardiovascular protection [5]. Intermit-
tent hypoxia produces a myriad of favorable effects in 
the cardiovascular system, brain and other organ systems. 
These effects can be grouped into five major categories: 
1) adaptation of organs and tissues responsible for oxy-
gen uptake and transport [6], 2) proliferation and in-
creased density of vascular networks [7], and 3) in-
creased mitochondrial density in the brain, liver and heart 
[8]. Consequently, adaptation to intermittent hypoxia has 
been used to treat patients with ischemic heart disease [9] 
and with post myocardial infarction heart failure [10]. 

Periodontitis is characterized by gingival inflammation, 
and periodontopathic bacteria are known to generate 
immunological inflammatory responses. Periodontitis is 
a key risk factor for the onset of cardiovascular disease 
[11-13]. Recently, we reported the identification of au-
toantibodies against atria cardiac β1-adrenoreceptors 
(AR), that were able to mimic the effect of an authentic 
β1-AR agonist acting on atria β1-AR [14,15] in the sera of 
patients with periodontitis. However, the release of 
host-derived inflammatory mediators, such as cytokines, 
into the circulation from chronically-inflamed periodon-
tal tissues, together with the serum anti-β1-AR pIgG, may 
provide a link between periodontal disease and cardi-
ovascular disease [12,13]. 

Cyclooxygenase (COX) is a key regulatory enzyme in 
eicosanoid metabolism, converting free arachidonic acid 
(AA) to PGH2 [16]. Two isoforms of COX have been 
identified, COX-1 and COX-2, which have both common 
and specific roles [17]. COX-1 is constitutively ex-
pressed, but in contrast, COX-2 is induced upon cell ac-
tivation and its expression often is associated with in-
flammation and other pathophysiological states, and also, 
there is evidence suggesting a cardioprotective effect of 
COX-2 and potential detrimental effects of COX-2 inhi-
bitors on the heart [18,19]. COX-2 appears to mediate the 
cardioprotective effects in the late phase of ischemic 
preconditioning [20]. COX-2 is an immediate early re-
sponse gene that can be induced by direct hypoxia [21]. 
However, cardiac synthesis of prostanoids such as PGE2 
[22] is enhanced by the induction of hypoxia in isolated 
heart preparations [23]. 

2. Aim 
The aim of the present work was to examine the effect of 
anti β1 adrenergic IgG present in the sera of patients with 
chronic periodontitis (pIgG) and the authentic adrenergic 
β1 agonist xamoterol acting on β1-AR of rat isolated atria 
and the ability of both, the auto antibodies and the au-
thentic agonist, to stimulate de synthesis of PGE2 under 

normoxia, hypoxia and reoxygenation conditions. Also, 
we study the histopathologically pattern of the atrium in 
these experimental conditions without additions (control) 
and in the presence of the pIgG and xamoterol. Our re-
sults suggested that the activation of COX with the sub-
sequent generation of PGE2 may be involved in the pa-
thological process during hypoxia in isolated rat atria. 

3. Methodology 
3.1. Animals 
Adult male Wistar strain rats (250 - 300 g) were used. 
The animals were housed in standard environmental 
conditions and fed with a commercial pellet diet and wa-
ter ad libitum. The experimental protocol followed the 
Guide to The Care and Use of Experimental Animals 
(DHEW Publication, NIH 80 - 23). Rats were anesthe-
tized with a mixture of ketamine and xylazine (50 and 5 
mg·kg−1 respectively) and killed by decapitation. 

3.2. Preparation of Atria and Contractility 
Procedure 

The atria were carefully dissected from the ventricles and 
immersed in a tissue bath containing Krebs Ringer Bi-
carbonate (KRB) solution gassed with 5% CO2 in oxygen 
and maintained at pH 7.4 and 37˚C. The composition of 
KRB solution was as described previously [24]. A prel-
oad tension of 750 mg was applied to the atria and tissues 
were allowed to equilibrate for 30 min. The initial values 
(control) for contractile tension of the isolated rat atria 
were recorder by use of a force transducer coupled to an 
ink writing oscillograph. Inotropic effects [dF/dt gram(g) 
per second(s)] were assessed by recording the maximal 
rate of isometric force development during electrical 
stimulation at a fixed frequency of 150 beats min−1. Con-
trol values (=100%) refer to the dF/dt g/s before the addi-
tion of xamoterol or pIgG or atenolol or β1 synthetic pep-
tide. The absolute value for dF/dt g/s before any addi-
tions at the end of equilibrium period (30 min) was 4.6 ± 
0.4 g/s, n = 45. 

3.3. Histopathology Study 
In each group, four hearts were separated and processed 
for histological analysis. These hearts were fixed in 10% 
formaldehyde buffer for a minimum of 72 h. After fixa-
tion, they were cut from apex to base, and serial sections 
of 5 μM were prepared from each segment and stained 
with hematoxylin and eosine. 

3.4. Patients 
The study group consisted of 12 adult patients with peri-
odontitis who were attending the Periodontology Clinic 
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from the metropolitan area of Buenos Aires. The mean 
age was 41 (range, 32 - 50) years. Healthy subjects were 
used as controls (12 male subjects) with a mean age of 38 
(range, 30 - 46) years. The assessment of clinical para-
meters was carried out by a trained periodontist follow-
ing criteria based on clinical parameters and the severity 
of periodontal tissue destruction [14]. The characteristic 
clinical signs of periodontitis included loss of clinical 
attachment, horizontal and/or angular alveolar bone loss, 
periodontal pocket formation, and gingival inflammation. 
To be included in the study, at least six sites with ongo-
ing periodontal disease were required. Clinical measure-
ments in patients with periodontitis included sites with 
alveolar bone loss of >2 mm and a pocket depth >5 mm 
with bleeding and attachment loss of >3 mm. In healthy 
subjects (control group), the probing depth was <3 mm 
and the attachment loss was <2 mm. The pocket probe 
depth and clinical attachment level were assessed at six 
sites per tooth and bleeding on probing at four sites per 
tooth. All patients with periodontitis suffered periodontal 
infection about 5 five years ago. No subject (periodontal 
patient or healthy individual) had any systemic illness 
and they were all never-smokers. Patients with periodon-
titis had not received periodontal treatment or antibiotics 
within the preceding 5 months or any anti-inflammatory 
drug within the 3 weeks prior to the study. The clinical 
characteristics of the study population and the healthy 
subjects (controls) are shown in Table 1. Additionally, 
pocket probing depth (PPD ≥ 6 mm) and clinical attach-
ment loss (CAL ≥ 6 mm) were used as the periodontitis 
selection index. 

3.5. Human Sera and pIgG Purification 
Sera and the corresponding IgG were obtained from pa-
tients with periodontitis and from healthy individuals. 
Blood (6 mL) was obtained by venipuncture and allowed 
to clot at room temperature. Serum was then separated by 
centrifugation (2000 × g) and stored at −80˚C until used 
in assays. IgG was obtained by precipitation with ammo-
nium sulfate at 50%, followed by three washes and re- 
precipitation with 33% ammonium sulfate. The resulting 
precipitate was subjected to chromatography on DEAE- 
cellulose, equilibrated with 10 mM phosphate buffer (pH 
8). The eluted peaks were concentrated by ultra filtration 
to 10 mg protein mL−1. Control immune-electrophoresis 
using goat anti-human total serum and goat non-specific 
anti-human IgG showed only one precipitin line.  

The IgG fraction of healthy subjects and patients with 
periodontitis was independently subjected to affinity chro- 
matography on the synthesized peptide covalently linked 
to Affi-Gel 15 gel, Bio-Rad, Richmond, CA, USA) for 
purification of anti-peptide antibodies by affinity chro- 
matography. The IgG fraction was loaded on the affinity 
column equilibrated with PBS, and the non-peptide frac-  

Table 1. Characteristics of the study population. 

Demography and  
Risk Factors 

Periodontitis  
Patients (n = 12) 

Healthy 
Subjects (n = 12) 

Gender   

Male 12 12 

Female 0 0 

Education Level   

Elementary school 11 9 

High school 1 3 

BMI (range kg·m−2) from 22 to 26 From 20 to 24 

Measure Blood Pressure 
(mmHg)   

Measure SBP (mean ± SD) 130 ± 20 116 ± 14 

Measure DBP (mean ± SD) 85 ± 12 76 ± 10 

Laboratory Examination   

Cholesterol Total 
(mean ± SD), mg·dL−1 196 ± 19 174 ± 18 

LDL (mean ± SD), mg·dL−1 129 ± 14 130 ± 20 

HDL (mean ± SD), mg·dL−1 34 ± 10 32 ± 12 

BMI: Body Mass Index (range ≥ 27 kg·m−2); SBP: Systolic Blood Pressure. 
DBP: Diastolic Blood Pressure; LDL: Low-density lipoprotein; HDL: High- 
density lipoprotein. 
 
tion was eluted with the same buffer. Specific anti-pep- 
tide auto-antibodies (anti β1-AR peptide IgG) were then 
eluted with 3 M KSCN and 1 M NaCl, followed by im-
mediate extensive dialysis against PBS. The IgG concen-
tration of both non-anti-peptide antibodies and specific 
anti β1-AR peptide antibodies were determined by radial 
immunodiffusion assay, and the immunologic reactivity 
against the β1-AR peptide was evaluated by ELISA [14]. 

3.6. Experimental Protocol 
The isolated atria underwent a 30 min stabilization period 
under basal conditions, during which they were equi- li-
brated in buffer gassed with 95% O2, 5% CO2 (37˚C, pH 
7.4; pO2 > 600 mmHg); followed by 50 min of hypoxia 
when the atria were equilibrated in buffer gassed with 95% 
N2, 5% CO2 (37˚C, pH 7.4; pO2 > 100 mmHg) and then 
50 min reoxygenation by re-equilibration with 95% O2, 5% 
CO2 (37˚C, pH 7.4; pO2 > 600 mmHg). The adrenergic 
agonist (xamoterol, 1 × 10−8 M) and the antibody (IgG: 1 
× 10−7 M) were added in the last 10 min before beginning 
the hypoxic (H) period. The total duration of this expe-
rimental design was 130 min and at the end of this period 
atria samples were fixed in 10% formaldehyde buffer and 
then processed for histopathologically analysis, or pro- 
cessed for biochemical analysis to determine the produc-
tion of PGE2. In the blocking experiments, atenolol (1 × 
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10−7 M, a β1-specific adrenergic antagonist), synthetic 
β1-adrenergic peptide (5 × 10−5 M) and an unrelated pep- 
tide (5 × 10−5 M) used as control, were added at the be- 
ginning of the stabilization period (0 min). 

3.7. PGE2 Assays 

Atria were incubated for 130 min in 0.50 mL KRB gass- 
ed with 5% CO2 in oxygen at 37˚C. Anti-β1 pIgG and 
xamoterol were added to the isolated atria 20 min before 
the end of the incubation period. Blockers were added 10 
min before the addition of different concentrations of 
anti-β1 pIgG (1 × 10−7 M) and xamoterol (1 × 10−8 M). 
Atria were then homogenized and transferred into 1.5 mL 
polypropylene micro-centrifuge tubes. Thereafter, all 
samples were processed according to the protocol sup-
plied with the Prostaglandin E2 Biotrak Enzyme Immu-
noassay (ELISA) System (Cayman Chemical, Ann Arbor, 
MI). The results are expressed as pg·mL−1. 

3.8. Should Be Now mRNA Isolation and cDNA 
Synthesis and Semi-Quantitative RT-PCR 

Total RNA was extracted from rat atria by homogeni- 
zation using guanidinium isothiocyanate method. A 20 µl 
reaction mixture contained 2 ng of mRNA, 20 units of 
RNase inhibitor, 1 mM dNTPs and 50 units of Moloney 
murine leukemia virus reverse transcriptase (Promega, 
Madison, WI, USA). First strand cDNA was synthesized 
incubating rat atrium in KRB gassed with 5% CO2 in O2 
pH 7.4 at 37˚C. In a selected tube, the reverse transcrip- 
tase was omitted to control for amplification from conta- 
minating cDNA or genomic DNA. Semi-quantitation of 
cox isoforms (cox-1 and cox-2) was performed by a me- 
thod that involves simultaneous coamplification of both 
the target cDNA and a reference template (MIMIC) with 
a single set of primers (Clontech Laboratories, Palo Alto, 
CA). The sequence of oligonucleotide primer pairs used 
for construction of MIMIC and amplification of cox-1 
(sense 5’ TAAGT ACCAG TGCTG GATGG 3’, antisense 
5’ AGATC GTCGA GAAGA GCATCA 3’), cox-2 (sense 
5’ TCCAA TCGCT GTACA AGCAG 3’, antisense 5’ 
TCCCC AAAGA TAGCA TCTGG 3’) and g3pdh (sense 
5’ ACCAC AGTCCA TGCCAT CAC 3’, antisense 5’ 
TCCAC CACCC TGTTG CTGTA 3’) mRNA. Aliquots 
were taken from pooled first-strand cDNA from the same 
group and constituted one sample for PCR. The internal 
control was the mRNA of the housekeeping gene glyceral- 
dehyde-3-phosphate dehydrogenase (g3pdh). PCR pro- 
ducts were subjected to electrophoresis on ethidium bro- 
mide-stained gels. Band intensity was quantitated by den- 
sitometry using NIH Image software. Levels of mRNA 
were calculated from the point of equal density of the sam- 
ple. cox-1, cox-2 mRNA levels were normalized with the 

levels of g3pdh mRNA present in each sample, which serv- 
ed to control for variations in RNA purification and cDNA 
synthesis. The relative mRNA expression of cox-1, cox-2 
in each group was compared with those from the respec- 
tive normal group and reported as a percentage of normal. 

3.9. Ethical Approval of the Study Protocol 
The study protocol complied with the tenets of the Dec-
laration of Helsinki and the rules established by the Eth-
ics Committee of the University of Buenos Aires (Bu-
enos Aires, Argentina). All subjects provided written 
informed consent. 

3.10. Drugs 

Xamoterol (specific β1-adrenoceptor agonist) and ateno-
lol (β1-adrenoceptor antagonist) were obtained from 
Sigma Chemical Company (St. Louis, MO). Stock solu-
tions were freshly prepared in the appropriate buffers. 
The vehicles used for both xamoterol and atenolol were 
distilled water. The drugs were then diluted in the buffer 
to achieve the final concentration stated in the text. The 
β1-synthetic peptide corresponded to the sequence of the 
second extra cellular loop of the human β1-AR (HWWRA 
ESDEA RRCYN DPKCC DFVTN RC). A 27-mer unre-
lated peptide SGSGS GSGSG SGSGS GSGSG SGSGS 
GS was also synthesized as a negative control. 

3.11. Statistical Analysis 
Student’s t test for unpaired values was used to determine 
the levels of significance. When multiple comparisons 
were necessary, after analysis of variance, the Student- 
Newman-Keuls test was applied. Differences between 
means were considered significant if P < 0.05. 

4. Results 
To determine the cardiac β1 adrenoceptor involved in the 
biological effect of anti β1 adrenergic antibody from pa-
tients with periodontitis (pIgG) upon rat atria contractili-
ty in normoxia, hypoxia and reperfusion conditions, was 
studied. The effect of the authentic β1 adrenoceptor 
agonist xamoterol also was assayed. Both, pIgG and xa-
moterol effects were compared with dF/dt obtained from 
rat contractility without additions taken as control expe-
riments. 

It can be seen in Figure 1(a) in normoxia conditions, 
that the pIgG increased dF/dt in a time-dependent man-
ner. Normal (nIgG) is without effect (control). Xamoterol 
a specific β1 adrenoceptor agonist, also, as expected, in-
crease dF/dt in a time-dependent manner. 

During hypoxia conditions (Figure 1(b)) both pIgG 
and xamoterol increased dF/dt peaking at 30 min the  
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(a)                                                       (b) 

 
(c) 

Figure 1. Effect of xamoterol 1 × 10−8 M and pIgG 1 × 10−7 M on contractility (dF/dt g/s) in isolated rat atria in a 
time-dependent manner from rats under normoxia (a), hypoxia (b) and reoxygenation (c) experimental conditions. In all cas-
es, basal values of dF/dt without additions are also shown. Values are mean ± SEM of five experiments in each group by dup-
licate. *P < 0.001 xamoterol and pIgG versus without additions (control).  
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maximal increase IgG: (increment 311%); xamoterol 
(increment 444%) and had both a rapid although less 
pronounced increase in dF/dt (IgG: increment 496% and 
xamoterol: increment 608%) at 130 min. Figure 1(b) 
also shows that rat atria contractility without additions 
(basal values) decreased in a time-dependent manner, 
reaching at 68% above dF/dt initial values (3.9 ± 0.2 g/s, 
n = 12). 

In reoxygenation condition (Figure 1(c)) the effect of 
pIgG and xamoterol are similar to that showed in Figure 
1(b), but atria contractility without additions, revealed 
only slightly increased (39%) in the net atria dF/dt at 80 
min but did not reached at the level of baseline values 
obtained at 0 time (3.9 ± 0.12 g/s, n = 11). 

Table 2 show the influence of β1 adrenoceptor anta-
gonist (atenolol) and β1 synthetic peptide (β1 peptide) 
upon rat atria contractility (dF/dt g/s) alone or in the 
presence of pIgG and xamoterol in normoxia, hypoxia 
and reperfusion conditions and also, the action of nIgG 
was stated. 

It is important to note that the loss of contractility dur-
ing hypoxia conditions remaining after reperfusion con-
dition, showing that the capacity of the machinery con-
tractile of the atria, is able to maintain normal myocar-
dium contractile during pIgG and xamoterol stimulation 
compared with the values obtained in atria without addi-
tions, in which the atria contractility decreased. Normal 
IgG (nIgG) is ineffective in our studied system (Figure 
2). 

Figure 3 shows the effect of pIgG and xamoterol on 
rat atria comparing with auricles without any additions 
(control) in normoxia, hypoxia and reperfusion condi-
tions, and its capacity to provoke a generation of PGE2. 

Both, pIgG and xamoterol, are able to stimulate the pro-
duction of PGE2 and this production is significantly 
higher than those observed in control experiments in the 
three experimental conditions. Also, Figure 3, shows 
that the inhibitory action of the COX-1 (FR-122047, 5 × 
10−8 M) and COX-2 (DuP 697, 5 × 10−8 M) by a specific 
enzymatic inhibitors in the three experimental conditions 
mentioned above, impaired the enhancement in myocar-
dium PGE2 provoking by pIgG and xamoterol. 

In the restitution experiments with the addition of ex-
ogenous PGE2 (1 × 10−11 M), the production of PGE2 in 
the presence of COX antagonistic drugs was reversed at 
the basal values, pointing that COX-1 and COX-2 phar-
macologically participate in this phenomenon (Figure 3). 
Table 3 shows the influence of atenolol, synthetic β1 
peptide and an unrelated peptide on the production of 
PGE2 in different experimental conditions. 

In order to define the role of different COX isoforms 
due by pIgG and xamoterol, both with the capacity to 
activate and stimulate the β1 atria adrenoceptor, the cox-1 
and cox-2 gene expression was determined by RT-PCR 
amplification. 

Using specific primers for cox-1 and cox-2, the prod-
uct of RT-PCR amplification showed single clear bands 
of the predicted size (Figure 4 lower panel). Semi- 
quantitative RT-PCR demonstrated that stimulation with 
pIgG and xamoterol in normoxia appears a major activa-
tion in cox-1 than in cox-2 but in hypoxic condition, the 
size of the band is significantly higher for cox-2 compo-
nent than that of cox-1; while in reperfusion conditions 
the values and the size of the both bands observed, are 
not significantly different from those obtained in hypoxic 
conditions (histogram of the Figure 4 upper panel). 

 
Table 2. Influence of β1 adrenoceptor antagonist (atenolol) and β1 synthetic peptide (β1 peptide) upon rat atria contractility 
(dF/dt g/s) alone or in the presence of pIgG and xamoterol in normoxia, hypoxia and reperfusion conditions. 

 
Additions 

Experimental conditions 

normoxia hypoxia reperfusion 

30 min 80 min 130 min 30 min 80 min 130 min 30 min 80 min 130 min 

none 3.9 ± 0.2 3.8 ± 0.3 3.41 ± 0.3 2.7 ± 0.2 1.2 ± 0.3 1.25 ± 0.3 2.7 ± 0.2 2.3 ± 0.1 2.4 ± 0.3 

pIgG (1 × 10−7 M) 8.4 ± 0.6 8.7 ± 0.3 8.8 ± 0.3 8.4 ± 0.6 6.1 ± 0.4 6.2 ± 0.5 8.4 ± 0.6 6.3 ± 0.3 7.6 ± 0.4 

+ atenolol (1 × 10−7 M) 2.9 ± 0.3* 3.1 ± 0.2* 3.1 ± 0.3* 3.1 ± 0.2* 2.2 ± 0.2* 2.2 ± 0.3* 2.9 ± 0.3* 2.2 ± 0.3* 2.7 ± 0.3* 

+β1peptide (1 × 10−5 M) 3.7 ± 0.3* 3.9 ± 0.3* 3.9 ± 0.2* 3.8 ± 0.3* 2.7 ± 0.3* 2.8 ± 0.2* 3.9 ± 0.3* 2.8 ± 0.2* 3.3 ± 0.3* 

xamoterol (1 × 10−8 M) 12 ± 0.5 11 ± 0.3 11 ± 0.1 12 ± 0.5 9.1 ± 0.3 7.6 ± 0.3 12 ± 0.5 7.9 ± 0.6 8.8 ± 0.5 

+ atenolol (1 × 10−7 M) 3.6 ± 0.2* 3.3 ± 0.3* 3.3 ± 0.2* 3.6 ± 0.3* 2.7 ± 0.2* 2.2 ± 0.2* 3.6 ± 0.3* 2.4 ± 0.3* 2.6 ± 0.2* 

+β1peptide (1 × 10−5 M) 11 ± 0.5 10 ± 0.3 10 ± 0.2 12 ± 0.6 10 ± 0.4 8.1 ± 0.4 11 ± 0.7 8.4 ± 0.7 9.2 ± 0.6 

nIgG (1 × 10−8 M) 3.8 ± 0.2 3.7 ± 0.2 3.6 ± 0.3 2.9 ± 0.3 1.6 ± 0.4 1.4 ± 0.4 2.5 ± 0.3 2.2 ± 0.2 2.6 ± 0.3 

Values are mean ± SEM of six experiments in each groups performed by duplicate. *P < 0.001 vs. pIgG and xamoterol alone. nIgG: normal IgG was without 
action.   
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Figure 2. Rat atria contractility (dF/dt g/s) in a time depen-
dent-manner under different experimental conditions: 
normoxia (●), hypoxia (■) and reperfusion (▲) alone or in 
the presence of normal IgG (nIgG) taken as control: nor-
moxia (○), hypoxia (□) and reperfusion (∆). Values are 
mean ± SEM of five rat atria in each group. 
 

Figure 5 shows the histological pattern of the rat atria 
in different experimental conditions such as normoxia, 
hypoxia and reoxygenation. In normoxia Figure 5(a): 
without any additions it can be seen that contiguous areas 
of viable myocardium, confluent areas of necrosis sur-
rounded by viable myocardium and diffuse edema were 
observed; in Figure 5(b): in the presence of xamoterol 
the “wave fibers” and edema were more pronounced and 
in Figure 5(c): in the presence of pIgG both wave fibers 
and edema affected the majority of the tissue. In hypoxia 
Figure 5(d): without any additions it can be seen that 
contiguous areas of viable myocardium, confluent areas 
of necrosis surrounded by viable myocardium and diffuse 
interstitial edema were observed; in Figure 5(e): in the 
presence of xamoterol the “wave fibers” and edema were 
more pronounced and lesions affected the entire myocar-
dium and in Figure 5(f): in the presence of pIgG both 
wave fibers and edema affect a large area and this was 
the worst lesion. Finally, in Figures 5(g)-(i): we do not 
observed any changes as view in hypoxic conditions 
during reperfusion. 

5. Discussion 
At present, virtually nothing is known regarding the me-
chanism of the final stage of late ischemic precondition-
ing after applications of anti-β1 adrenoceptor IgG or in 
the presence of a specific β1 adrenoceptor agonist in iso-
lated atrium. The majority of investigators have reached 
a tacit assumption that the late phase of ischemic precon-
ditioning is underlain by the same mechanism throughout 

its duration [5,22,23]. 
The salient findings of this study can be summarized 

as follows: even in the presence of the autoantibody ob-
tained in the sera of patients with chronic periodontitis, 
or in the presence of a specific β1 adrenoceptor [14,15] 
agonist stimulus, a powerful protection against myocar-
dial lesions is still present. Experimental hypoxia and 
subsequent reoxygenation are associated with no signifi-
cant differences in the production of PGE2 remained its 
production elevated during these experimental conditions 
[23]. The present work confirms the changes of the 
COX-2/PGE2 systems during hypoxia/reoxygenation 
conditions, supporting the idea of regional variability in 
this system during hypoxia, considering that PGE2 was 
located mainly in the cytosolic supernatant fraction of the 
heart atria homogenates and its concentrations (ng/mg 
protein) were significantly higher in atria tissue than 
those of ventricular tissue [25,26]. 

Alterations in arachidonic acid metabolism are often 
involved in the myocardial disturbances associated with 
hypoxia and ischemia [26]. Additionally, Peredo et al. 
[27] demonstrated that the prostanoid production pattern 
changes in hypoxic rat atria, generating a cardioprotec-
tive action involving the prevention of increases of lac-
tate and cAMP during ischemia [27,28]. Moreover, PGE2 
would be expected to have an important physiological 
role in the hypoxic rat heart. In this sense, a possible 
mechanism could be that just after the hypoxic stimulus, 
COX-2-derived PGE2 generation rises to exert a vasodi-
latory effect in order to regulate and/or modulate the 
maintenance of blood flow through the hypoxic tissues. 
Thus, the maintained levels observed in the COX-2-de- 
rived PGE2 system during hypoxia/reoxygenation could  
be involved in adaptation of the heart to such situations. 
This implies a crucial moment in the changes occurring 
in the rat atria in response to hypoxia/reoxygenation [23]. 
Therefore, hypoxia seems to directly stimulate atria 
cox-2 enzyme expression, provoking a specific enhanced 
in PGE2 synthesis, resulting in vasodilatation and de-
creased vascular resistance of the ischemic bed, improv-
ing blood flow that in turn, this improves cardiac func-
tion. 

Atenolol abrogated the effects of both xamoterol and 
the adrenergic autoantibodies but the synthetic β1 peptide 
only abrogated the effect of the autoantibodies demon-
strating that these autoantibodies recognize cardiac β1 
adrenoceptor from sarcolemma of rat atria and its capac-
ity to interact with, acting as inducer of cox-2 mRNA 
levels with an increase in the cardiac proinflammatory 
substances PGE2. 

The major new finding of this work was the demon-
stration that an anti-β1 adrenoceptor IgG behaving as 
adrenergic agonist, have the capacity to alter the rate of 
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Figure 3. PGE2 production in isolated rat atria in absence (control) or in the presence of xamoterol 1 × 10−8 M and pIgG 1 × 
10−7 M alone (a) or in the presence of COX-1 antagonistic drug FR-122047 5 × 10−8 M (b) or COX-2 antagonistic drug DuP 
697 5 × 10−8 M (c) and COX-1 antagonistic drug + exogenous PGE2 1 × 10−11 M (d) or COX-2 antagonistic drug + exogenous 
PGE2 1 × 10−11 M (e) during normoxia, hypoxia and reperfusion experimental conditions. Values are mean ± SEM of seven 
experiments in each group. *P < 0.001 b and c versus a; **P < 0.0001 b and c versus a. 
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Table 3. Influence of the β1 adrenoceptor antagonist, human β1 synthetic peptide and an unrelated peptide on basal values in 
rat isolated atria on the production of PGE2. 

Conditions PGE2 (pg/ml) 

Basal 2.888 ± 250 

atenolol (1 × 10−7 M) 2.878 ± 240 

β1 synthetic peptide (1 × 10−5 M) 2.900 ± 260 

unrelated peptide (1 × 10−5 M) 2.930 ± 270 

Hypoxia 3.916 ± 350 

atenolol (1 × 10−7 M) 3.924 ± 352 

β1 synthetic peptide (1 × 10−5 M) 3.936 ± 357 

unrelated peptide (1 × 10−5 M) 3.965 ± 361 

Reperfusion 3.982 ± 340 

atenolol (1 × 10−7 M) 3.992 ± 346 

β1 synthetic peptide (1 × 10−5 M) 4.020 ± 356 

unrelated peptide (1 × 10−5 M) 4.071 ± 362 

Values are the mean ± SEM of n = 6 in each case. 
 

 
Figure 4. Xamoterol and pIgG action on semi-quantitative RT-PCR analysis for cox-1 and cox-2 in normoxia, hypoxia and 
reperfusion experimental conditions mRNA expression. Also, g3pdh are shown as control (lower panel). Rat atria were incu-
bated during 2 hours in absence or in presence of xamoterol 1 × 10−8 M and pIgG 1 × 10−7 M (upper panel). Values are mean 
± SEM of six experiments in each group RT-PCR products obtained from xamoterol and pIgG on cox-1 and cox-2. *P < 0.001 
between cox-1 and cox-2 mRNA levels in the presence of xamoterol or pIgG. 
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Figure 5. Histological pattern of isolated rat atria under different experimental conditions. In normoxia: contiguous areas of 
viable myocardium, confluent areas of necrosis surrounded by viable cardiac tissue and diffuse interstitial edema (A); in the 
presence of xamoterol wave fibers and edema were more pronounced (B) and in the presence of pIgG wave fibers and edema 
affected the majority of the myocardium (C). In hypoxia: contiguous areas of viable myocardium, confluent areas of necrosis 
surrounded by viable cardiac tissue and diffuse interstitial edema (D); in the presence of xamoterol wave fibers and edema 
were more pronounced than those observed in normoxia (E) and in the presence of pIgG wave fibers and edema affected a 
large areas of the myocardium and was the worst lesion (F). In reperfusion: we observed the same pattern as seen in hypoxia 
without any recuperation at the level of myocardium tissue (G, H, I). 
 
transcription of specific proinflammatory target genes, 
triggering the cardiac production of PGE2 in response to 
receptor-mediated signaling events at the receptor cell 
cardiac atrium. The autoantibodies might play a role in 
the heart preconditioning phenomenon underlying the 
relevant inflammatory process during hypoxia/reoxyge- 
nation conditions in the course of autoimmune disease 
associated with ischemic heart and in heart failure con-
tributing to inflammatory cell infiltration [29]. 

6. Conclusion 
The present observations expand our understating in-
volved during hypoxia and reoxygenation and the effect 
of PGE2 on atria myocardium associated with and/or 
dependent on upregulation of COX-2. Thereafter, by an 
adaptive mechanism, activation and an increment of 
mRNA levels of cox-2 with a subsequent increment of 
PGE2 generation occur. The inflammatory response after 
myocardial ischemia or in preconditioning in vivo will 
require further investigation to determine the role of 

PGE2 as a cytoprotective heart prostanoid in hypoxic 
conditions. On the whole, the cardiac prostanoid’s effect 
is, at least in part, due to their regulatory actions on the 
cardiomyocyte beating rate. 
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