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Abstract

The present study was designed to determine whether treatment with erythropoietin (EPO) could 

protect cerebral microvasculature against the pathological consequences of endothelial nitric oxide 

synthase (eNOS) uncoupling. Wild-type and GTP cyclohydrolase I (GTPCH-I)-deficient hph1 

mice were administered EPO (1000 U/kg/day, sc, 3 days). Cerebral microvessels of hph1 mice 

demonstrated reduced BH4 bioavailability, increased production of superoxide anions and 

impaired endothelial nitric oxide (NO) signaling. Treatment of hph1 mice with EPO attenuated the 

levels of 7,8-dihydrobiopterin (7,8-BH2), the oxidized product of BH4, and significantly increased 

the ratio of BH4 to 7,8-BH2. Moreover, EPO decreased levels of superoxide anions and increased 

NO bioavailability in cerebral microvessels of hph1 mice. Attenuated oxidation of BH4 and 

inhibition of eNOS uncoupling were explained by the increased expression of antioxidant proteins, 

manganese superoxide dismutase and catalase. The protective effects of EPO observed in cerebral 

microvessels of hph1 mice were also observed in GTPCH-I siRNA-treated human brain 

microvascular endothelial cells exposed to EPO (1 U/ml or 10 U/ml; 3 days). Our results suggest 

that EPO might protect the neurovascular unit against oxidative stress by restoring bioavailability 

of BH4 and endothelial NO in the cerebral microvascular endothelium.
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Introduction

Plethora of preclinical studies indicated that recombinant erythropoietin (EPO), a pleiotropic 

cytokine, is neuroprotective (Siren et al. 2001, Erbayraktar et al. 2003, Brines et al. 2004, 

Brines & Cerami 2005, Grasso et al. 2007, Buemi et al. 2009, Ghezzi et al. 2010, Zhang et 

al. 2012). Furthermore, studies from our laboratory indicated that vascular protective effects 

of EPO could also be extended to large cerebral arteries (Santhanam et al. 2005, Santhanam 

& Katusic 2006, Santhanam et al. 2006, d'Uscio & Katusic 2008, d'Uscio et al. 2010). While 
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existing evidence supporting neuroprotective and vascular protective effects of EPO makes 

it an appealing candidate for evaluation of protection against cerebrovascular disorders, the 

effects of EPO on cerebral microvessels, the vascular component in the neurovascular unit 

mediating trophic support and regulating blood flow in brain, has not been investigated. 

While oxidative stress and concomitant loss of endothelial NO has been recognized as one 

of the most common initiating events in the pathogenesis of cerebrovascular disorders 

(Chrissobolis & Faraci 2008, Chrissobolis et al. 2011, Faraci 2011), the ability of EPO to 

protect cerebral microvasculature against oxidative stress has not been demonstrated.

Our previous studies have shown that EPO may increase endothelial biosynthesis of 

tetrahydrobiopterin (BH4, an essential co-factor for eNOS activation) as well as stimulate 

antioxidant protein expression in the peripheral vasculature (d'Uscio et al. 2003, d'Uscio & 

Katusic 2008, d'Uscio et al. 2010). However, the effects of EPO on the bioavailability of 

BH4 in cerebral microcirculation remain unknown. In a recent study, we used the GTP 

cyclohydrolase I (GTPCH-I, rate limiting enzyme in BH4 biosynthesis)-deficient hph1 mice 

and demonstrated that loss of BH4 resulted in uncoupling of eNOS and elevated superoxide 

anion production in cerebral microvessels (Santhanam et al. 2012b). Furthermore, we have 

demonstrated that oxidative stress in the cerebral microvasculature of BH4-deficient hph1 

mice is amenable to pharmacological interventions (Santhanam et al. 2012a, Santhanam et 

al. 2012b). The present study was designed to determine whether treatment with EPO could 

protect cerebral microvasculature against the pathological consequences of eNOS 

uncoupling in the cerebral microvessels of hph1 mice. To specifically determine the 

therapeutic significance of EPO in relation to the neurovascular unit, we sought to determine 

whether the protective effects of EPO observed in cerebral microvessels of hph1 mice could 

also be observed in BH4-deficient brain microvascular endothelial cells.

Methods

Mice

Twelve- to sixteen-week-old male hph-1 mutant mice and wild-type (C57BL/6J) littermates 

were used for the present study. Breeder pairs of hph1 mice were provided to us by Dr. 

Keith M. Channon (University of Oxford, Oxford, UK). Breeding and genotyping of the 

mice were performed as reported earlier (Khoo et al. 2004, d'Uscio et al. 2011). Mice were 

either treated with saline or recombinant human EPO (1000 U/kg body weight per day, 3 

days, subcutaneous; Amgen). This dose and treatment regimen of EPO has been 

demonstrated in our prior studies to exert vascular protection without affecting 

hematopoiesis (d'Uscio et al. 2007, d'Uscio & Katusic 2008). Following treatment, mice 

were euthanized by intraperitoneal injections of pentobarbital (250 mg/kg bw). All 

experiments were performed according to the guidelines of the Institutional Animal Care 

and Use Committee of Mayo Clinic and were in compliance with NIH Guide for Care and 

Use of Laboratory Animals.

Isolation of cerebral microvessels

Following euthanasia, brains were removed and placed in cold (4° C) Krebs-Ringer 

bicarbonate solution (in mmol/l: NaCl 118.6; KCl 4.7; CaCl2 2.5; MgSO4 1.2; KH2PO4 1.2; 
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NaHCO3 25.1; glucose 10.1; EDTA 0.026) and large cerebral arteries (basilar, anterior 

cerebral, posterior cerebral, middle cerebral arteries) were discarded. Cerebral microvessels 

were subsequently isolated using the experimental procedures reported earlier (Ospina et al. 

2002, Park et al. 2004). Briefly, brains were minced in a Dounce homogenizer and the 

homogenates were suspended in 15% Dextran solution (in PBS). The supernatant was 

discarded, and cerebral microvessels were retained on a 40 µm nylon filter (Austin et al. 

2010, Santhanam et al. 2012a, Santhanam et al. 2012b). The microvessels thus obtained 

have been extensively characterized by previous studies, including ours, and are a 

heterogeneous mixture of small arteries, arterioles, small veins, venules and capillaries 

(Ospina et al. 2002, Park et al. 2004, Santhanam et al. 2012b).

Brain microvascular endothelial cell culture

Human brain microvascular endothelial cells (BMECs) were purchased from Applied Cell 

Biology Research Institute (Kirkland, WA). BMECs were grown in endothelial growth 

medium 2 (EGM2; Lonza, Basel, Switzerland), as described earlier (Austin et al. 2010). 

BMECs between passages 7 and 8 were exposed to recombinant human EPO (0, 1 U/ml, 10 

U/ml, EGM2; Epogen, Amgen) for 3 days. During the course of incubation, EGM2 and EPO 

were changed daily.

siRNA Transfection—BMECs, at 30–50% confluency, were transfected with 30 nM of 

GTPCH-I siRNA (sc60675; Santa Cruz Biotech) or Control siRNA (sc37007, Santa Cruz 

Biotech) in the presence of Lipofectamine 2000 (Invitrogen) in serum free endothelial basal 

medium (EBM-2; Lonza) according to manufacturer’s instructions. Fresh EGM-2 was added 

8 hours after transfection. Forty eight hours after transfection, cells were exposed to 

recombinant human EPO (0, 1 U/ml or 10 U/ml) for 3 days. This concentration of EPO in 

cell culture media was chosen from our previous studies wherein we have shown EPO to 

exert protection of vascular endothelium (d'Uscio & Katusic 2008).

Measurement of biopterin levels

Cerebral microvessels were minced in extraction buffer [Composition: 50 mmol/l Tris (pH 

7.4), 1 mmol/L dithiothreitol, 1 mmol/L EDTA]. The homogenates were then centrifuged at 

10,000 g (8 min at 4°C) and supernatants were used for biopterin measurements. In a 

separate set of experiments, BMECs exposed to EPO were harvested and sonicated in 

extraction buffer, and centrifuged at 8,000 g (5 min at 4 °C). Levels of tetrahydrobiopterin 

(BH4) and its oxidized product, 7,8-dihydrobiopterin (7,8-BH2) were determined by reverse 

phase HPLC, as reported previously (Santhanam et al. 2012a, Santhanam et al. 2012b).

Detection of intracellular superoxide anions

Microvessels as well as BMECs were incubated in Krebs-HEPES buffer containing 50 

µmol/l of dihydroethidium (Molecular Probes) at 37°C for 15 minutes and intracellular 

superoxide anion levels were quantified using a HPLC-based fluorescence detection of the 

oxidation of dihydroethidium to 2-hydroxyethidium, as described earlier. In some 

experiments, microvessels were incubated with L-NAME (30 µmol/L) for 30 minutes prior 

to addition of dihydroethidium (Santhanam et al. 2012a, Santhanam et al. 2012b).
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Western blot analysis

Cerebral microvessels and BMECs were lysed in lysis buffer containing [50 mmol/L NaCl, 

50 mmol/L NaF, 50 mmol/L sodium pyrophosphate, 5 mmol/L EDTA, 5 mmol/L EGTA, 

0.1 mmol/L Na3VO4, 1% Triton X-100, 10 mmol/L HEPES, pH 7.4, and protease inhibitor 

cocktail (Sigma)]. The experimental methods for protein expression studies are published 

elsewhere (Santhanam et al. 2012a, Santhanam et al. 2012b). Monoclonal antibodies against 

eNOS (1:500), iNOS (1:500) [BD Transduction], catalase (1:250), β-actin (1:5000) [Sigma] 

and polyclonal antibodies (1:1000 dilution) against CuZn superoxide dismutase 

(CuZnSOD), manganese superoxide dismutase (MnSOD) [Assay Designs] were used. 

Protein expression bands were detected by enhanced chemiluminescence (Super Signal 

West Pico Chemiluminescence, Thermo Scientific, IL) and densitometric analysis was 

performed by UN-SCAN-IT software (Version 6.1, Silk Scientific Corporation, UT).

Determination of NO production

Nitric oxide production in the cerebral microvessels and media supernatants of BMECs were 

measured as total nitrite and nitrate (NOx = NO3 + NO2) using a commercially available 

fluorimetric nitrite/nitrate assay kit according to manufacturer’s instructions (Cayman 

Chemical Co., Ann Arbor, MI) (Santhanam et al. 2012a, Santhanam et al. 2012b).

Determination of cGMP levels

Basal levels of cGMP were determined in cerebral microvascular lysates by enzyme 

immunoassay according to manufacturer’s instructions (Cell Bio Labs, Inc., San Diego, CA) 

(Santhanam et al. 2012a, Santhanam et al. 2012b).

Statistical analysis

Data are presented as mean ± SEM. For in vivo studies, ‘n’ represents the number of mice 

used, and for in vitro studies ‘n’ represents the number of independent experiments 

performed in each group. Un-paired students t-test was used to determine statistical 

difference between two groups, and multiple comparisons were performed by one-way 

ANOVA followed by Bonferroni’s post-hoc test. A value of P<0.05 was considered 

statistically significant.

Results

EPO increased bioavailability of BH4 in cerebral microvessels of hph1 mice

Cerebral microvessels of hph1 mice demonstrated significant impairment in bioavailability 

of BH4, as indicated by the significantly reduced ratio of BH4 to 7,8-BH2, consistent with 

our previous study (Figure 1) (Santhanam et al. 2012b). Treatment of wild-type mice with 

EPO did not affect BH4 levels, 7,8-BH2 levels or the ratio of BH4 to 7,8-BH2 (Figure 1A – 

1C). In contrast, EPO prevented oxidative inactivation of BH4 as indicated by the significant 

reduction in the levels of 7,8-BH2, oxidized product of BH4 (Figure 1B). Furthermore, ratio 

of BH4 to 7,8-BH2, indicative of net BH4 bioavailable for eNOS activation, was 

significantly improved in cerebral microvessels of EPO-treated hph1 mice as compared to 

hph1 mice (Figure 1C).
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EPO inhibited eNOS uncoupling-induced superoxide anion production

Levels of 2-hydroxyethidium, product derived from selective oxidation of dihydroethidium 

by superoxide anions, were significantly increased in cerebral microvessels of hph1 mice 

(Figure 2). Furthermore, sensitivity of the increased production of superoxide anions in 

cerebral microvessels of hph1 mice to NOS inhibitor, L-NAME, confirmed that eNOS is the 

principal source of superoxide anions (Figure 2). While EPO treatment did not affect 

superoxide anion production in cerebral microvessels of wild-type mice, EPO abolished the 

increased production of superoxide anions in cerebral microvessels of hph1 mice. Notably, 

L-NAME did not affect superoxide anion production in cerebral microvessels of EPO-

treated hph1 mice (Figure 2).

EPO stimulated expression of antioxidant proteins

To determine the mechanism underlying attenuated oxidation of BH4 EPO in cerebral 

microvessels of hph1 mice treated with EPO, we studied expression of antioxidant proteins. 

We observed that EPO selectively increased expression of MnSOD (Figure 3A, P<0.05), 

while expression of CuZnSOD remained unchanged in cerebral microvessels of hph1 mice 

(Figure 3B). Furthermore, expression of catalase, a H2O2 scavenging enzyme, was also 

significantly increased by EPO in cerebral microvessels of hph1 mice, while expression of 

GPx1, another enzyme that could scavenge and inactivate H2O2, remained unchanged 

(Figure 3C).

Effect of EPO on endothelial NO in vivo

Treatment of hph1 mice with EPO increased levels of total nitrite/nitrate in cerebral 

microvessels in vivo (Figure 4A). Moreover, reduction of basal cGMP levels caused by BH4 

deficiency was abolished by EPO treatment in cerebral microvessels of hph1 mice (Figure 

4B). Taken together, these results indicate that EPO treatment increased bioavailability of 

endothelial NO in cerebral microvessels of hph1 mice. Importantly, protein expressions of 

both eNOS and iNOS remained unaffected (Figures 4 C&D), indicating that the increased 

bioavailability of endothelial NO by EPO could be most likely mediated by increased 

bioavailability of BH4 and inhibition of eNOS uncoupling.

Effects of EPO on cultured BMECs

To demonstrate that the effects of EPO to stimulate antioxidant protein expression and 

increase bioavailability of BH4 could be explained by direct action of EPO on cerebral 

microvascular endothelium, we subsequently performed studies in cultured human BMECs. 

To mimic BH4 deficiency, we treated BMECs with siRNA against GTPCH-I, rate limiting 

enzyme in BH4 biosynthesis. As expected, treatment of BMECs with GTPCH-I siRNA 

resulted in significant attenuation of GTPCH-I expression in BMECs (Figure 5A) and 

significant impairment of BH4 to 7,8-BH2 ratio (Figure 5B). Consistent with the results 

obtained from cerebral microvessels of hph1 mice, deficiency of BH4 in BMECs treated 

with GTPCH-I siRNA was associated with significantly increased production of superoxide 

anions (Figure 5C). While GTPCH-I siRNA treatment did not affect eNOS expression in 

BMECs (data not shown), levels of total nitrite/nitrate was significantly reduced in BH4-

deficient BMECs (Figure 5D).
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Exposure of GTPCH-I siRNA treated BMECs to EPO also resulted in increased expression 

of MnSOD (Figure 6A), while expression of CuZnSOD remained unchanged (Figures 6B). 

Furthermore, EPO also increased expression of catalase in GTPCH-I siRNA treated BMECs 

(Figure 6C), while expression of GPx1 remained unchanged (data not shown). EPO also 

increased the ratio of BH4 to 7,8-BH2 in GTPCH-I siRNA treated BMECs (Figure 7A). 

Furthermore, increased expression of antioxidant proteins and BH4 bioavailability were 

reflected in attenuation of superoxide anion production (Figure 7B) and increased levels of 

total nitrite/nitrate in GTPCH-I treated BMECs exposed to EPO (Figure 7C).

Discussion

Our study presents several novel findings. First, treatment with EPO prevented oxidative 

inactivation of BH4 and restored bioavailability of BH4 in cerebral microvessels of 

GTPCH-I-deficient hph1 mice. Second, EPO reversed eNOS uncoupling-induced 

superoxide anion production. Third, EPO treatment selectively increased expression of 

MnSOD and catalase. Fourth, during BH4 deficiency, treatment with EPO significantly 

improved endothelial NO bioavailability. Fifth, the ability of EPO to restore BH4 

bioavailability and attenuate superoxide anion production in cerebral microvessels of hph1 

mice was also observed in GTPCH-I siRNA-treated BMECs exposed to EPO. Taken 

together, our study demonstrated that EPO stimulated expression of antioxidant proteins, 

inhibited oxidation of BH4, restored BH4 bioavailability for eNOS activation and increased 

endothelial NO/cGMP signaling in BH4-deficient cerebral microvasculature.

To the best of our knowledge, this is the first study to define the beneficial effects of EPO 

responsible for prevention of pathological consequences of eNOS uncoupling in cerebral 

circulation. To evaluate the protective effects of EPO in cerebral microvasculature, we 

employed the GTPCH-I-deficient hph1 mice. Our prior studies have identified that genetic 

deficiency of GTPCH-I resulted in reduced bioavailability of BH4 for eNOS activation, 

increased production of eNOS-derived superoxide anions and impaired endothelial NO/

cGMP signaling in cerebral microvasculature (Santhanam et al. 2012b). Since endothelium 

contributes to ~ 80% of the total BH4 in the vascular wall (d'Uscio & Katusic 2008), we also 

performed studies to determine the effects of EPO in brain microvascular endothelial cells. 

To mimic BH4 deficiency in vitro, we employed GTPCH-I siRNA and demonstrated 

reduced bioavailability of BH4 for eNOS activation and augmented superoxide anion 

production. We would like to underscore that the effects of EPO observed in intact cerebral 

microvessels could also be observed in EPO-treated brain microvascular endothelial cells 

cultured in vitro.

Treatment of BH4-deficient brain microvessels with EPO reduced the levels of 7,8-BH2, the 

oxidized derivative of BH4 that competitively binds and inactivates eNOS (Vasquez-Vivar 

et al. 2002, d'Uscio et al. 2003). Absence of a change in BH4 levels per se reflected lack of 

an effect on enzymatic activity of GTPCH-I, the rate-limiting enzyme in BH4 biosynthesis, 

by EPO. The most likely explanation for increased BH4 bioavailability by EPO in cerebral 

microvessels of hph1 mice was provided by attenuated oxidative inactivation of BH4 to 7,8-

BH2. Hence, we sought to determine whether EPO could stimulate expression of antioxidant 

enzyme(s) in cerebral microvessels of hph1 mice. Indeed, we identified that EPO selectively 
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up-regulated protein expression of MnSOD in cerebral microvasculature of hph1 mice as 

well as in BMECs. To date, up-regulation of antioxidant proteins have been observed in 

vascular and neuronal tissues in response to neurotrophins and growth factors, including 

EPO (Kong et al. 1993, Digicaylioglu & Lipton 2001, Kops et al. 2002, Park & Rho 2002, 

Rojo et al. 2004, d'Uscio et al. 2010). In line with these results, the present study presents 

compelling evidence to suggest that EPO protects cerebral microcirculation against 

pathological consequences of eNOS uncoupling by stimulating expression of antioxidant 

proteins. The ability of EPO to stimulate expression of MnSOD and catalase could be 

explained by either of the two mechanisms. First, EPO had been shown to up-regulate 

antioxidant proteins by activation of NFκB pathway (Digicaylioglu & Lipton 2001). Second, 

cytoprotective effects of EPO have also been shown to be mediated by activation of NF-E2 

related factor 2 (Nrf2), a transcription factor that regulates expression of many antioxidant 

enzymes, including heme oxygenase 1, superoxide dismutases, glutathione S-transferase, 

quinine oxidoreductase (Itoh et al. 1997, Zhang et al. 2010, Genc et al. 2010, Jin et al. 2011, 

Jin et al. 2014). The contribution of each of these pathways to EPO-induced stimulation of 

expressions of MnSOD and catalase in cerebral microvessels remains to be determined.

Andresen and coworkers have suggested that preserving MnSOD expression may help 

preserve NO bioavailability during oxidative stress (Andresen et al. 2004). Consistent with 

our observations, studies on MnSOD-deficient mice (Faraci et al. 2006) have demonstrated 

that NO-dependent relaxations to acetylcholine were impaired in cerebral arterioles of 

MnSOD+/− mice. Notably, the superoxide-mediated endothelial dysfunction was not 

observed in large cerebral arteries, demonstrating that MnSOD is functionally important for 

regulation of endothelial function in cerebral microvessels. Superoxide anions and other 

reactive oxygen species have been shown to induce permeabilization of mitochondrial 

membrane (Lemasters et al. 1998, Schild & Reiser 2005). With excessive oxidative stress, 

as seen in cerebral microvessels of hph1 mice, endogenous MnSOD could be overwhelmed 

and mitochondria also may become an important source of superoxide (Widlansky & 

Gutterman 2011). Results obtained from our study demonstrated that treatment of hph1 mice 

with EPO increased expression of MnSOD in cerebral microvessels. This EPO-induced 

increase in MnSOD expression might be sufficient to abrogate mitochondria-centered 

superoxide anion production and, in turn, protect NO from inactivation by superoxide anion. 

Indeed, the ability of EPO to stimulate expression of antioxidants and increase BH4 

bioavailability resulted in increased availability of endothelial NO, as reflected in elevation 

of NO2/NO3 levels and significantly increased cGMP. Besides regulating cerebral blood 

flow, optimal availability of endothelial NO and activation of cGMP in cerebral 

microcirculation could also affect function of neuronal and microglial cells in the 

neurovascular unit (Faraci 2011, Katusic & Austin 2013). In this regard, obtained results 

suggest that EPO could protect the neurovascular unit against the pathological consequences 

of oxidative stress.

In summary, results from the present study provide the first evidence to suggest that EPO 

restores biological activity of NO in cerebral microvasculature injured by uncoupling of 

eNOS. Furthermore, obtained results suggest that increasing expression of antioxidant 
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enzymes in cerebral microvascular endothelium by EPO is an important mechanism 

responsible for beneficial effects of EPO in cerebral circulation.
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Figure 1. 
Treatment with EPO increased BH4 bioavailability. A) BH4 levels in cerebral microvessels 

of hph1 mice were significantly reduced (* P<0.05 vs. WT, n =6). EPO treatment did not 

affect BH4 levels in cerebral microvessels of wild-type mice and hph1 mice. B) EPO 

inhibited oxidation of BH4, as indicated by the significantly reduced levels of 7,8-

dihydrobiopterin in cerebral microvessels of hph1 mice treated with EPO (# P<0.05 vs. 

hph1, n=6). C) The ratio of BH4 to 7,8-BH2, indicative of BH4 bioavailability, was 

significantly decreased in cerebral microvessels of hph1 mice (* P<0.05 vs. WT, n=6). 

Treatment with EPO significantly increased the ratio of BH4 to 7,8-BH2 in cerebral 

microvessels of hph1 mice (# P<0.05 vs. hph1, n=6).
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Figure 2. 
Treatment with EPO inhibited superoxide anion production. Cerebral microvessels of hph1 

mice demonstrated increased production of superoxide anions (* P<0.05 vs. WT, n=8), and 

the increased superoxide anion production was sensitive to L-NAME (30 µM, # P<0.05 vs. 

hph1, n=4).Treatment with EPO significantly attenuated superoxide anion production in 

cerebral microvessels of hph1 mice. Incubation with L-NAME (30 µM) did not affect 

superoxide anion production in cerebral microvessels of hph1 mice treated with EPO.
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Figure 3. 
EPO stimulated expression of antioxidant proteins in cerebral microvessels of hph1 mice. 

Representative Western blots and densitometric analysis indicated that treatment with EPO 

significantly increased expression of antioxidant protein MnSOD (A, * P<0.05, n=5) in 

cerebral microvessels of hph1 mice, while expression of CuZnSOD remained unchanged 

(B). Treatment with EPO also increased expression of catalase in cerebral microvessels of 

hph1 mice (C), while expression of GPx1 remained unchanged (* P<0.05, n=5).
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Figure 4. 
Treatment with EPO increased bioavailability of endothelial NO in cerebral microvessels of 

hph1 mice. A) Levels of total nitrite/nitrate were significantly reduced in cerebral 

microvessels of hph1 mice (* P<0.05 vs. WT, n=6). While EPO treatment did not affect 

total nitrite/nitrate levels in cerebral microvessels of wild-type mice, levels of NOx in 

cerebral microvessels of hph1 mice were significantly increased (# P<0.05 vs. hph1, n=6). 

B) Basal levels of cGMP were significantly attenuated in cerebral microvessels of hph1 

mice (* P<0.05 vs. WT, n=8–9). Treatment with EPO significantly increased levels of 

cGMP in cerebral microvessels of hph1 mice (# P<0.05 vs. hph1, n=8), while the levels of 

cGMP in wild-type mice remained unchanged following EPO treatment. C) Representative 

Western blots demonstrating that EPO treatment did not affect expressions of eNOS or 

iNOS in cerebral microvessels of hph1 mice. D) Bar diagram representing the densitometric 

analysis of eNOS and iNOS expressions in cerebral microvessels of hph1 mice treated with 

EPO.
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Figure 5. 
Treatment of BMECs with GTPCH-I siRNA suppressed bioavailability of BH4 and 

endothelial NO. A) Exposure of BMECs to GTPCH-I siRNA resulted in significantly 

attenuated expression of GTPCH-I (* P<0.05 vs. Control siRNA-treated BMECs, n=4). (B) 

Ratio of BH4 to 7,8-BH2 was significantly reduced in BMECs treated with GTPCH-I 

siRNA (*P<0.05, n=5). Reduced bioavailability of BH4 was associated with increased 

production of superoxide anions (C, *P<0.05, n=7) and reduced bioavailability of NO (D, * 

P<0.05, n=5).
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Figure 6. 
EPO stimulated antioxidant protein expression in brain microvascular endothelial cells. 

Representative Western blots and densitometric analysis from GTPCH-I siRNA treated 

BMECs exposed to EPO demonstrated significant increase in expression of MnSOD (A), 

while expression of CuZnSOD (B) remained unchanged (*P<0.05, ** P<0.01, n=6). 

Furthermore, EPO treatment also increased expression of catalase (C, * P<0.05, n=6).
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Figure 7. 
EPO increased bioavailability of endothelial NO in brain microvascular endothelial cells. 

Bioavailability of BH4 was significantly increased in GTPCH-I siRNA treated BMECs 

exposed to EPO (A, * P<0.05, n=6). EPO also attenuated superoxide anion production in 

GTPCH- I siRNA treated BMECs (B, * P<0.05, ** P<0.01, n=8). Levels of total nitrite was 

significantly increased in GTPCH-I treated BMECs exposed to EPO (C, * P<0.05, ** 

P<0.01, n=6).
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