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Abstract
Aim: This study compared the hypoproteinemic effects of 
erythropoietin (Epo) and antioxidant drug U-74389G based on 2 
preliminary studies. The provided results at serum total protein 
(TP) levels decline were co-evaluated in a hypoxia reoxygenation 
protocol of an animal model.

Materials and methods: TP levels 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 recommended a 
hypoproteinemic effect of Epo (p-value=0.4430). The second 
preliminary study proved the hypoproteinemic effect of U-74389G 
(p-value=0.0005). 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 at least 4-fold hypoproteinemic 
action than Epo (p-value=0.0000).

Conclusions: The neurologist must take into consideration the 
powerful hypoproteinemic effect of the 2 drugs; mainly that of 
U-74389G whether implicated in neurological diseases. 
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Introduction
The short-term hypoproteinemic [1] action of U-74389G is 

significant (p-value=0.0005). 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 
micro vascular endothelial cells monolayers. The biochemical 
capacities of U-74389G were summarized as Na+, K+, Mg2+-ATPase 
inhibition in the perihematomal basal ganglia territory; cholinergic 
response enhancement; membrane-bound enzymes stabilization; 
3,4-dihydroxyphenylacetic acid (DOPAC) activity increase in the 
ipsilateral striatum of oligemic nigrostriatal system; antiapoptotic 
properties prove; caspase-3 immunoreactivity down-regulation; 
local cerebral extracellular superoxide anion concentrations reduce; 
2,3-DHBA levels and the excitatory amino acid attenuation in 
hippocampus; brain total sulfhydryl groups levels restoration to 
normal values and the oxidant peroxynitrite consumption attenuation 
produced by brain microglia. However, the hypoproteinemic capacity 
of U-74389G gets more comprehensible whether is compared with 
the same capacity of a standard known drug. Such one of the more 
well studied drug; whereas without significant hypoproteinemic 
[2] action (p-value=0.4430) is erythropoietin (Epo). Actually, Epo 
implicates over 30,162 known biomedical studies at present. 10.41% 
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 total protein. 

The special aim of this experimental work was to compare the 
hypoproteinemic effects of U-74389G and Epo on a rat model and 
mainly in an HR protocol. Their effects were tested by measuring the 
serum mean total protein (TP) levels.

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 the experiment are mentioned in related references [1,2]. Accepted 
standards of humane animal care were adopted for Albino female 
WISTAR rats. 7 days pre-experimental normal housing included 
ad libitum diet in laboratory. Continuous intra-experimental 
anesthesiologic techniques, oxygen supply, electrocardiogram 
and acidometry were provided. Post-experimental awakening and 
preservation of animals was not permitted, even if euthanasia was 
needed. Rats 16-18 weeks old were randomly delivered to four (6) 
groups (n=10), using the following protocols of HR: Hypoxia for 45 
min followed by reoxygenation for 60 min (group A); hypoxia for 45 
min followed by reoxygenation for 120 min (group B); hypoxia for 
45 min followed by immediate Epo intravenous (IV) administration 
and reoxygenation for 60 min (group C); hypoxia for 45 min followed 
by immediate Epo IV administration and reoxygenation for 120 min 
(group D); hypoxia for 45 min followed by immediate U-74389G 
intravenous (IV) administration and reoxygenation for 60 min 
(group E); hypoxia for 45 min followed by immediate U-74389G 
IV administration and reoxygenation for 120 min (group F). The 
dose height selection criteria of Epo and U-74389G were assessed at 
preliminary studies as 10 mg/Kg body mass of animals for both drugs.

Hypoxia was caused by laparotomic clamping inferior aorta over 
renal arteries with forceps for 45 min. Reoxygenation was induced 
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degradation. Wang et al. [7] greatly decreased the TP expression of 
5α-reductase inhibitor dutasteride mediating maximal contraction of 
the whole ventral prostate. Navarro et al. [8] noticed that protracted 
abstinence from alcohol increased the dendritic arborization within 
apical dendrites of pyramidal neurons; the stress sensitivity and 
hypothalamic-pituitary-adrenal axis dysregulation. Stress altered 
oligodendrocyte expression as a hypophosphorylation of the 
glucocorticoid receptor at Ser-232 without affecting expression of TP 
in rodents and promoted hypermyelination in the medial prefrontal 
cortex in alcohol dependent subjects. Kaur et al. [9] associated nerve 
tissue TP samples with chronic constriction injury of sciatic nerve 
induced neuropathic pain amelioration after ramipril (angiotensin-
converting enzyme inhibitor) administration. Hübler et al. [10] could 
not correlate TP plasma concentrations and ropivacaine local total 
and free concentrations after psoas compartment block, especially 
whether combined with sciatic nerve block. Liu et al. [11] remarked 

the significant anti-bacterial and PO activities alterations of the TP 
extract after enkephalinergic neurotransmitter [Met(5)]-enkephalin 
incubation which firstly observed on the marginal of the dorsal half; 
indicated that this released by nervous system was firstly appeared, 
while the primitive immune defense system existed in the region of 
prototroch and developed maturely in trochophore, D-hinged and 
umbo larvae of oyster Crassostrea gigas. Sánchez-González et al. [12] 
measured plasma levels of TP in manganese (Mn) excess neurotoxicity 
CRF patients. Salvarani et al. [13] associated greater cerebrospinal 
fluid TP concentrations with bioptic diagnosis of uncommon 
condition (2.4 cases per 1,000,000 person-years) of primary central 
nervous system vasculitis in which lesions are limited to vessels of 
the brain and spinal cord than angiographic diagnosis. Perga et al. 
[14] replaced the TP content by the three protein spots method in 
order to subdivide the multiple sclerosis patients. Kannan et al. [15] 
quantified the maximum expression of a 48 kDa Pax6 transcription 
factor involved in vertebrate eye, brain and central nervous system 
formation during early embryonic and larval development or 
embryogenesis at 8 hours post fertilization as 179ng/embryo from the 

by removing the clamp and restoration the inferior aorta patency. 
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 catheterized inferior 
vena cava. The TP levels were determined at 60th min of reoxygenation 
(for A, C and E groups) and at 120th min of reoxygenation (for B, D 
and F groups). The TP values used were adjusted for rats’ mass since a 
powerful relation was invented between them (p-value=0.0000). 

Statistical analysis 

Table 1 presents the (%) decreasing influence of Epo regarding 
reoxygenation time. Also, Table 2 presents the (%) decreasing 
influence of U-74389G regarding reoxygenation time. Chi-square 
test was 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]. 

Discussion
Barbierato et al. [3] promoted progression, morphological 

development and maturation of undifferentiated oligodendrocyte 
precursor cells into a more differentiated phenotype and TP content 
without affecting proliferation; although oligodendrocytes have 
limited ability to repair the damage to themselves or to other nerve 
cells, as seen in demyelinating diseases like multiple sclerosis. Tan et 
al. [4] ascribed the exhibited remarkable presynaptic neurotoxicity 
presumably to the action of neurotoxic basic phospholipases A2 in 
high abundance (35% of TP abundance) from a total of 11 different 
protein families in the venom proteome content of Sri Lankan 
Ilmie et al. [5] found abnormal values in TP after 28 days toxic 
exposure of animals at (Mitragyna speciosa Korth) ketum. Perez 
et al. [6] quantified butyrylcholinesterase specific activity and its 
inhibition by the nerve agents’ sarin and VX; normalized to the TP 
content in a robust dried spot activity assay sample more resistant to 

Decrease +SD Reperfusion time p-values

-0.02% +2.47% 1h 0.9904

-1.27% +1.51% 1.5h 0.3721

-2.52% +2.03% 2h 0.1509

+1.27% +1.51% Reperfusion time 0.3549

-0.68% +2.48% Interaction 0.4430

Table 1: The (%) decreasing influence of erythropoietin in connection with reoxygenation time.

Decrease +SD Reperfusion time p-values
-5.48% +2.99% 1h 0.0663
-7.34% +1.76% 1.5h 0.0001
-9.20% +2.16% 2h 0.0003
+1.46% +2.12% Reperfusion time 0.4103
-4.08% +1.10% Interaction 0.0005

Table 2: The (%) decreasing influence of U-74389G in connection with reperfusion time.

Odds ratio [95% Conf. Interval] p-values Endpoint                     
155.9562 153.5206 158.4305 0.0000 1h
4.397968 4.394434 4.401505 0.0000 1.5 h
2.803573 2.798201 2.808956 0.0000 2h  
0.8795951 0.8766519 0.8825482 0.0000 Reperfusion time                 
4.518197 4.502736 4.533711 0.0000 Interaction

Table 3: The U-74389G / erythropoietin decreasing efficacies ratios on TP levels after chi-square tests application.
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Endpoint 
Variable  1h p-value  1.5h p-value  2h p-value  Reperfusion 

time p-value  interaction p-value  

WBC 0.957451 0.3782 1.396122 0.0000        1.918237 0.0000        1.71622 0.0000        1.601887 0.0000        
Hematocrit 38.424 0.0000        9.076658  0.0000        6.222898 0.0000        1.001356 0.2184  12.66419   0.0000        
Hemoglobin 1.268689 0.0000        1.839035 0.0000        13.1658                                                                                             0.0000        1.252422    0.0000        1.94889    0.0000        
RBC count 0.961059 0.0000 1.733395 0.0000 6.519657 0.0000 1.039524 0.0000 1.309673 0.0000
Platelet count 2.42839                  0.0000 6.00238                  0.0000 6.1333429               0.0000 3.939027              0.0000 37.62979            0.0000
MPV 145.8532 0.0000 4.053619 0.0000 2.603947 0.0000 1.2334644 0.0000 4.164431 0.0000
Platelet DW 0.6940233 0.0000        1.319118 0.0000        2.206972 0.0000        2.2484006 0.0000        2.458888 0.0000        
Creatinine 168.9034                   0.0000  4.872332 0.0000  3.039572 0.0000  1.0262016 0.0000  5.005523 0.0000  
Mean 6.07797485 0.0472 2.98583275 0.0000  4.26641598 0.0000  1.49596378 .0273 4.21627953 0.0000  
Mean corpuscular 
hemoglobin 
concentrations 

-0.2774225 0.0000        -0.5504722 0.0000        -0.8522433                                                                                             0.0000        +3.044774    0.0000        -0.7793243    0.0000        

Platelet crit -0.2312044 0.0000 -0.6719365 0.0000 -1.330756 0.0886 5.620077 0.0000 -0.9771515 0.0000 
Mean -0,2532076 0.0000       -0,6081795 0.0000        -1,0649544 0.0443 4,1366488 0.0000        -0,8726499 0.0000        

Table 4: A U-74389G / erythropoietin efficacies ratios meta-analysis on 10 hematologic variableς (4 variables with balancing efficacies and 2 variables with opposite 
efficacies) [29].

average TP of 9.5µg/embryo in zebra fish model system. Shibasaki et 
al. [16] significantly related serum TP with inpatient pre-rehabilitation 
FIM score and Barthel index investigating the utility of sympathetic 
nervous activity after treatment of acute phase illness in frail elderly 
patients 75  years or older. Schmid et al. [17] argued against an 
autochthonous production in the central nervous system due to the 
positive correlation between the human cerebrospinal fluid (CSF)/
serum ratios for adipsin and TP. Patients suffering from infectious 
diseases had higher CSF levels of adipsin than multiple sclerosis 
patients. Koie et al. [18] correlated the 5-year biochemical recurrence-
free survival rate with preoperative serum butyrylcholinesterase - an 
alpha-glycoprotein found in the nervous system  - levels (P<0.001) 
for prostate cancer after radical prostatectomy. Ligtenberg et al. 
[19] found increased salivary flow rate and protein secretion after 
sympathetic stimuli such as physical exercise (p<0.01). Yu et al. 
[20] associated TP with long-term prognosis in decompressive 
craniectomy group in severe traumatic brain injury treatment. Yao et 
al. [21] modulated the enteric nervous system and intestinal motility 
influencing malodorous flatus, irritable bowel syndrome, ulcerative 
colitis and prevention of colorectal cancer by harmful metabolites of 
increased protein fermentation due to high-TP intake or specifically, 
aromatic and sulphur-containing amino acids. Wang et al. [22] 
found that nitric oxide induces cysteine S-nitrosylation of TP which 
decrease the vesicular neurotransmitter uptake such as monoamines, 
acetylcholine and glutamate, in synaptosomes of the central nervous 
system. Kuznetsova et al. [23] revealed high stability of TP level in 
healthy children but significant individual deviations from the 
average TP value in children with nervous system dysfunction. Da 
Silva et al. [24] demonstrated significant increases in parasympathetic 
related indices and TP levels after 17 weeks ballet training period. Li 
et al. [25] manifested markedly increased levels of CSF TP and diffuse 
spinal Dura matter thickening in hypertrophic spinal pachymeningitis 
associated with rare myeloperoxidase-antineutrophil cytoplasmic 
antibody (MPO-ANCA) localized exclusively in the spine.

The above biochemical capacities of U-74389G present beneficial 
properties such as neuroprotection, inflammatory responses 
counteraction; post IR cerebral edema and neuronal necrosis decline 
in a hippocampal subfield; apoptotic cell death and sub-sequent 
cortical infarction prevention, final lesion decrease; late learning 
impairments prevention after intrastriatal administration; anoxic 
terminal negativity (ATN)-latency spikes decline in hippocampal 

region; epileptogenic discharges reduce; hippocampal damage 
prevention; living pyramidal neurons increase; potential early forms 
of Alzheimer’s disease treatment.

Epo effect was summarized in increasing glomerular filtration 
leakage of constant ratio both renal Epo and TP excretion reaching 
up to 23% of the administered high-dose rEpo due to lower kidneys 
maturation; considering potent neuroprotection in brain injury 
encephalopathy of preterm infants and improving the nutritional 
status (TP levels) of patients after alteration from maintenance 
hemodialysis (HD) to CAPD 6 months treatment program. 
Furthermore, Hirata et al. [26] delayed end-stage kidney disease by 
a single dose of epoetin β pegol (continuous erythropoietin receptor 
activator (CERA) given on day 1, alleviating increasing urinary TP in a 
rat model of chronic kidney disease. Hypoxia-inducible factors (HIFs) 
are transcription factors that respond to decreases in available oxygen 
in the cellular environment, or hypoxia [27]. In normal circumstances 
after injury HIF-1a is degraded by prolyl hydroxylases (PHDs). The 
continued up-regulation of HIF-1a via PHD inhibitors regenerates 
lost or damaged tissue in mammals that have a repair response; and 
the continued down-regulation of Hif-1a results in healing with a 
scarring response in mammals with a previous regenerative response 
to the loss of tissue. The act of regulating HIF-1a can either turn off, 
or turn on the key process of mammalian regeneration [28]. The HIF 
stabilization using an HIF prolyl-hydroxylase inhibitor enhances 
hippocampal memory, likely by increasing erythropoietin expression. 

HIF pathway activators such as ML-228 may have neuroprotective 
effects and are of interest as potential treatments for stroke and spinal 
cord injury. 

As mentioned above, Table 3 shows that U-74389G has at least 
4-fold hypoproteinemic capacity than Epo (p-value=0.0000). This 
has a dual biochemical interpretation. Epo may contribute with some 
of its anabolic capacities or the antioxidant capacities of U-74389G 
are very protein consuming. A meta-analysis of these ratios from the 
same experiment, for 10 other seric variables, provides comparable 
results (Table 4). 

Conclusion
The neurologist must be informed about the hypoproteinemic 

effects whether treats patients receiving Epo but mainly U-74389G. 
Epo expression enhances hippocampal memory; whereas HIF 
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pathway activators such as ML-228 may have neuroprotective effects 
and are of interest as potential treatments for stroke and spinal cord 
injury.
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