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Abstract


Aim: This study compared the erythropoietic capacities of erythropoietin (Epo) and antioxidant drug U-74389G based on 2 preliminary studies. The provided results at red blood cells counts augmentation were co-evaluated in a hypoxia reoxygenation protocol of an animal model.

Materials and methods: Red blood cells (RBC) counts were evaluated at the 60th reoxygenation min (for groups A, C and E) and at the 120th reoxygenation min (for groups B, D and F) in 60 rats. Groups A and B received no drugs, rats from groups C and D were administered with Epo; whereas rats from groups E and F were administered with U-74389G.

Results: The first preliminary study of Epo non significantly increased the RBC counts by 0.80%±0.01% (p-value=0.6446). The second preliminary study of U-74389G also non significantly rised the RBC counts by 1.05%±1.57% (P=0.4911). These 2 studies were co-evaluated since they came from the same experimental setting. The outcome of the co-evaluation was that U-74389G has 1.309673-fold erythropoietic potency than Epo (p-value=0.0000).

Conclusion: The anti-oxidant capacities of U-74389G speed up the acute erythropoietic properties; presenting 1.309673-fold erythropoietic rise than epo (p-value=0.0000).
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Introduction

The acute erythropoietic capacity of U-74389G is also non significant (p-value=0.4911) [1]. U-74389G is a novel antioxidant factor. It implicates just only 255 known biomedical studies at present. 4.31% of these studies concern tissue hypoxia and reoxygenation (HR) experiments. The promising effect of U-74389G in tissue protection has been noted in these HR studies. U-74389G or also known as 21-[4-(2,6-di-1- pyrrolidinyl-4-pyrimidinyl)-1-piperazinyl]-pregna-1,4,9(11)- triene-3,20-dione maleate salt is an antioxidant which prevents both arachidonic acid-induced and iron-dependent lipid peroxidation. It protects against HR injury in animal heart, liver and kidney models. These membrane-associating antioxidants are particularly effective in preventing permeability changes in brain microvascular endothelial cells monolayers. Lazaroids, a novel series of glucocorticoid compounds 21-aminosteroids have the properties of free radical scavenging. U-74389G is one of the 132 similar lazaroid compounds. It has a molecular weight of 726.90406 g/mol; it has a selective action on vascular endothelium with vitamin E-like properties.

However, the erythropoietic capacity of U-74389G gets more comprehensible whether is compared with the same capacity of a standard known drug. Such one of the most well studied drug; actually with original erythropoietic capacity (p-value=0.6446) is erythropoietin (Epo). Indeed, Epo implicates over 29,675 known biomedical studies at present. 10.47% at least of these studies concern tissue hypoxia and reoxygenation (HR) experiments. Certainly, the concept has been moved away from the original action of Epo in stem blood cells recovery. However, just few related reports were found, not covering completely the specific matter with antioxidant factors. The special aim of this experimental work was to compare the acute erythropoietic capacities of U-74389G and Epo on a rat model and mainly in an HR protocol. Their effects were tested by measuring the red blood cells (RBC) counts.

Materials and Methods 

Animal preparation

The Vet licenses of the research were provided under 3693/12-11- 2010 & 14/10-1-2012 decisions. The granting company and the place of experiment are mentioned in related references [1,2]. Appropriate humanistic care was adopted for Albino female Wistar rats. 7 days pre-experimental normal housing included ad libitum diet in laboratory. Continuous intra-experimental general anesthesia, oxygen supply, electrocardiogram, acidometry and post-experimental euthanasia were provided. Rats 16-18 weeks old were randomly delivered to six (6) groups (n=10), using the following protocols of HR: Hypoxia for 45 min followed by reoxygenation for 60min (group A); hypoxia for 45min followed by reoxygenation for 120 min (group B); hypoxia for 45min followed by immediate Epo intravenous (IV) administration and reoxygenation for 60 min (group C); hypoxia for 45min followed by immediate Epo IV administration and reoxygenation for 120min (group D); hypoxia Table 1: The (%) augmentation influence of erythropoietin in connectio for 45min followed by immediate U-74389G intravenous (IV) administration and reoxygenation for 60 min (group E); hypoxia for 45min followed by immediate U-74389G IV administration and reoxygenation for 120min (group F). The dose height selection criteria of Epo and U-74389G were assessed at preliminary studies as 10mg/Kg body mass of animals for both drugs.

Hypoxia was caused by laparotomic clamping inferior aorta over renal arteries with forceps for 45min. The clamp removal was restoring the inferior aorta patency and reoxygenation. After exclusion of the blood flow, the protocol of HR was applied, as described above for each experimental group. The drugs were administered at the time of reperfusion; through inferior vena cava catheter. The RBC counts were determined at 60thmin of reoxygenation (for A, C and E groups) and at 120thmin of reoxygenation (for B, D and F groups).The animals' mass was not a confusing factor for RBC counts (p-value=0.5048).

Statistical analysis 



Table 1 presents the (%) augmentation influence of Epo regarding reoxygenation time. Also, Table 2 presents the (%) augmentation influence of U-74389G regarding reoxygenation time. Chi-square tests were applied using the ratios which produced the (%) results per endpoint. The outcomes of chi- square tests are depicted at Table 3. The statistical analysis was performed by Stata 6.0 software [Stata 6.0, StataCorp LP, Texas, USA].



Table 1:  The (%) augmentation influence of erythropoietin in connection with reoxygenation time.
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Table 2:  The (%) augmentation influence of U-74389G in connection with reoxygenation time.
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Table 3:  The U-74389G / erythropoietin efficacies ratios on RBC counts augmentation after chi-square tests application.
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Results

The successive application of chi-square tests revealed that U-74389G favored erythropoiesis by 0.9610586-fold (0.9583790.9637456) than Epo at 1h, by 1.733395-fold (1.7249211.74191) at 1.5h, by 6.5196571-fold (6.4712605-6.568412) at 2h, by 1.039524-fold (1.037862-1.04119) without drugs and by 1.0-fold (1.305082-1.314281) whether all variables have been considered (p-value=0.0000).

Discussion

The unique available study investigating the rising effect of U-74389G on RBC counts was the preliminary one [1]. Although the most famous activities of neuroprotection and membrane- stabilization properties, it accumulates in the cell membrane, protecting vascular endothelium from peroxidative damage but hardly penetrates the blood-brain barrier. It elicits a beneficial effect in ototoxicity and Duchenne muscular dystrophy. It increases γGT, SOD, and GSH levels in oxygen-exposed cells. It treats septic states and acts as immunosuppressant in flap survival. It prevents the learning impairments, it delays the early synaptic transmission decay during hypoxia improving energetic state of neurons. It shows anti proliferative properties on brain cancer cells and is considered as a new promising anti inflammatory drug for the treatment of reperfusion syndrome in IR injuries.

The same authors generally confirmed [2] the short-term or long-term erythropoietic effect of various Epo preparations in 9 IR laboratory or clinical biomedical studies on human individuals or animals tried to stimulate erythropoiesis as the speedy replacement of blood loss with endogenous red blood cells [3]. Denny ended [4] up that the hypoxia-inducible transcription factor (HIF) stimulates the production of Epo and ultimately RBC count. [5] Controlled the development of RBC count from committed progenitors, with the Epo-receptor (Epo-R) signaling network being the primary controlling molecular hub. Soliz. agreed that [6] Epo as a cytokine able to increase the production of RBC count upon conditions of reduced oxygen availability [7] to Epo-mediated elevation of RBC count through increased minute ventilation and tissue oxygenation. Guo [8] associated a greater increase in reticulocyte count with hepatic hepcidin mRNA expression down-regulation, with renal Epo mRNA expression up-regulation, increased Epo levels and erythrocytosis. [9] exemplified Epo as a plasma protein that can initiate the feedback production of new RBC. [10] demonstrated that stabilization of hypoxia inducible factor (HIF) can up-regulate Epo expression and in turn increase count of RBCs potentially exemplified the demethylation of the Epo enhancer region [11] as key regulator in the production of RBCs. [12] related the increase in plasma Epo with the nucleated RBCs (NRBC); but not with the 'emergence time, the NRBC first appeared in the blood between 24 and 36h after any dose in neonates. [13] described human Epo as a 30.4k Da glycoprotein hormone composed of a single 165 amino acid residues chain to which four glycans are attached; being an essential factor for the viability and proliferation of erythrocytic progenitors. Jelkmann [14] calculated a delayed way, this is, a lag of 3-4 days for erythropoiesis-stimulating agents (ESAs) to act in inducing an increase in reticulocytes [15]. Significantly decreased erythropoiesis in Ret % by 41.66%, 7-10 day after HT which eliminated the major gene regulating Epo/ synthesis; the hypoxia- induced factor (HIF) expression [16] considered Epo as a key mediator in increasing the RBC count during hypoxia [17]. Revealed that decreased expression levels of hypoxia inducible factor 1 and its down-stream target genes Epo is responsible for the generation of senescent erythrocytes and RBC in chronodisrupted animals [18]. Indicated the activation of erythropoiesis during the first 7 days of hypoxia which induces an increase in peripheral RBC (polycythemia) caused by an increased Epo production. Kaliev [19]. Increased the RBC concentration indices in patients receiving Epo. [20] found that acute hypoxia stimulates large increases in serum Epo which induces formation of characteristic enlarged RBCs with maximum elevations 1month after onset [21] observed 1,000 fold increase in Epo mRNA and 2-3-fold increase in the reticulocytes at orally administered 30mg/kg of a small molecule inhibitor (PHI-1) of prolyl-hydroxylase-2 (PHD2) enzyme involved in regulating HIF- 1a levels in male BALB/c mice [22]. Up-regulated the hypoxic marker genes hypoxia inducible factor 1a, myoglobin 1, and Epo 2 significantly increasing the production of immature RBC in fish [23] led to increased Epo expression which activates production of RBC after hypoxia-inducible transcription factors stabilization. [24] caused hypoxia which increased Epo expression higher than 70% being responsible for regulating the RBC growth and development in C2C12 myoblasts, myotubes, and primary myoblasts in vitro than unexercised controls [25]. Found a dose-dependent increase in RBC count in rHuEP0200, rHuEP0400 and rHuEP0600 therapy groups whereas increase in reticulocyte count only in rHuEP0400 and rHuEP0600 therapy groups in male Wistar rats [26]. induced slowed maturation of RBC in the bone marrow inhibiting hepsidin production, after Epo release and erythropoiesis activation. [27] Repeated that the glycoprotein Epo promotes the production of RBCs. Urrutia AA [28]. determined that brain pericytes represent an up to 70% cellular source of Epo in the hypoxic brain of all Epo-expressing cells and thus an increased RBC production due to HIF-mediated induction of Epo in mice with genetic HIF activation [29]. Significantly correlated the Epo cord blood and NRBC with maternal BMI [30]. Accentuated the well-known role of Epo in RBC production. Haddad [31]. Examined the effect of intraperitoneal injections of 40 mg/kg of the lazaroid compound U-74389G every 12 hours, on acute otitis media in guinea pigs. Streptococcus pneumoniae organisms were inoculated into the right tympanic cavity; with the left ear served as a control [32].

According to above, Table 3 shows that U-74389G speeds up by 1.309673-fold (1.305082-1.314281) the erythropoietic potency than Epo (p-value=0.0000); a trend augmented along time, in Epo non-deficient rats. A meta-analysis of these ratios  from the same experiment, for 2 other hematologic variables, provides comparable results (Table 4 & 5).



Table 4:  A U-74389G / erythropoietin efficacies ratios meta-analysis on 5 hematologic variables (3 variables with balancing efficacies and 2 variables with opposite efficacies). 
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Table 5:  A U-74389G / erythropoietin efficacies ratios meta-analysis on 5 hematologic variables (3 variables with balancing efficacies and 2 variables with opposite efficacies) [32]. 
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Conclusion

The anti-oxidant capacities of U-74389G speed up by 1.0-fold (1.305082-1.314281) the erythropoietic potency than Epo (p-value=0.0000) in Epo non-deficient rats (p-value=0.0000). This trend is enhanced along the short term time frame of the experiment.
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