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Abstract

Background—We previously reported that enhanced nuclear factor kappa B (NFκB) activity is 

responsible for resistance arteries dysfunction in type 2 diabetic mice.

Methods—In this study we aimed to determine whether augmented NFkB activity also impairs 

conductance artery (thoracic aorta) function in type 2 diabetic mice. We treated type 2 diabetic 

(db−/db−) and control (db−/db+) mice with two NFκB inhibitors (DHMEQ, 6 mg/kg, twice a week 

and IKK-NBD peptide, 500 μg/kg/day) for four weeks.

Results—As expected, the NFκB inhibition did not affect blood glucose level and body weight. 

Thoracic aorta vascular endothelium-dependent relaxation (EDR), determined by the wire 

myograph, was impaired in diabetic mice compared to control, and was significantly improved 

after NFκB inhibition. Interestingly, thoracic EDR was also rescued in db−/db-p50NFκB−/− and db

−/db-PARP-1−/− double knockout mice compared to db−/db− mice. Similarly, the acute in vitro 
down regulation of NFκB-p65 using p65 shRNA lentiviral particles in arteries from db−/db− mice 

also improved thoracic aorta EDR. Western blot analysis showed that the p65NFκB 

phosphorylation, cleaved PARP-1 and COX-2 expression were increased in thoracic aorta from 

diabetic mice, which were restored after NFκB inhibition and in db−/db-p-50NFκB−/− and 

db−/db-PARP-1−/− mice.

Conclusions—The present results indicate that in male type 2 diabetic mice, the augmented 

NFκB activity also impairs conductance artery function through PARP-1 and COX-2-dependent 

mechanisms.
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INTRODUCTION

Diabetes is an established cardiovascular risk factor, affecting millions of people worldwide. 

Several factors such as metabolic factors, inflammation, glycation products and endothelial 

dysfunction, contribute to diabetes-induced cardiovascular diseases. The complication of 

microvascular and macrovascular function is a major cause of morbidity and mortality in 

diabetic patients [ 1 , 2 ]. Endothelial vascular dysfunction is mostly characterized by the 

impairment of eNOS signaling and/or decreased nitric oxide bioavailability [3, 4, 5] 

associated with increases in activity of the pro-inflammatory transcription factor nuclear 

factor kappa B (NFκB) [3]. It was reported that enhanced NFκB activity is an important 

factor involved in the development of cardiovascular diseases [6].

Previous studies indicate that hyperglycemia can trigger the induction of cyclooxygenases 2 

(COX-2) and enhance NFκB activity [7]. Additionally, studies reported that COX-2 

induction is primarily mediated through the activation of the NFκB pathway [ 8 , 9 ]. 

Furthermore, hyperglycemia also enhances Poly(ADP-ribose) Polymerase-1 (PARP-1)-

dependent NFκB activation that is implicated in the expression of pro-inflammatory genes 

that are dependent on this transcription factor [10]. We recently elucidated that PARP-1 

inhibition improves vascular function in type 2 diabetes indicating that PARP-1 could be a 

potential target for overcoming diabetic micro-vascular complications [11]. Additionally, 

previous studies suggested a role for PARP-1 activation in vascular dysfunction in type 2 

diabetes [ 12, 13] Thus, the role and mechanism of NFκB in conductance artery dysfunction 

in type 2 diabetes is an important question that remains unanswered. We recently 

demonstrated that enhanced NFκB in type 2 diabetic mice impairs resistance arteries 

endothelium-dependent relaxation [ 14 ]. Since the complication of vasculature in diabetes 

includes resistance and conductance arteries, we aimed to determine whether enhanced 

NFkB activity in type 2 diabetes also impairs endothelium-dependent relaxation in 

conductance arteries such thoracic aorta.

MATERIALS AND METHODS

General protocol in mice

All experiments were performed according to the American Guidelines for the Ethical Care 

of Animals and were approved by Tulane University Health Sciences Center Animal Care 

and Use Committee. Type 2 diabetic male mice (db−/db−, 8 to 10 weeks-old males) and their 

homologous control were purchased from Jackson Laboratories (Bar Harbor, ME), housed 

in groups of five mice, and maintained at a temperature of 23 ºC with 12 h light/dark cycles. 

The mice were fed with Harlan Global 18% Protein Rodent Diet (2018) containing 6.0% fat, 

18.0% protein and 3.1Kcal/g in content. Mice were divided in 6 groups: 1) control mice 

infused with saline, n=10); 2) control mice who received DHMEQ (NFκB inhibitor, 6 mg/kg 

intra-peritoneal injection twice a week) for 4 weeks (Control + DHMEQ, n=10); 3) control 
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mice who received IKK-NBD peptide (NFκB inhibitor, 500 μg/kg/day daily intra-peritoneal 

injection) for 4 weeks (Control + Peptide, n=10); 4) diabetic mice (db−/db− mice infused 

with saline, n=10); 5) Diabetic mice treated with DHMEQ for 4 weeks (db−/db− + DHMEQ, 

n=10); 6) Diabetic mice treated with IKK-NBD peptide for 4 weeks (db−/db− + Peptide, 

n=10). The body weight and blood glucose levels were recorded weekly during the 

experimental period. Blood glucose measurements were obtained from tail blood samples 

using a blood glucose meter (Prestige Smart System HDI; Home Diagnostic, Fort 

Lauderdale, FL) in all groups of mice after 6 hours fast as previously described [15].

At the end of the treatment period, mice were anaesthetized with isoflurane and blood 

samples were collected from carotid artery into containing heparin tubes. Then, thoracic 

aorta was harvested immediately, placed in Physiological Salt Solution (PSS, composition in 

mM: NaCl 118; KCl 4.7; CaCl2 2.5; KH2PO4 1.2; MgSO4x7H2O 1.2; NaHCO3 25 and 

glucose 11, pH=7.4) and processed appropriately for further studies.

In other series of experiment, we used 8 weeks-old double knock out between db−/db− and 

p50NFκB male mice (db−/db-p50NFκB−/−, n=5) and between db−/db− and PARP-1 male mice 

(db−/db-PARP-1−/−, n=5). The PARP-1 knockout mice were kindly provided by Dr. Alexandar 

Bishop (Department of Cellular and Structural Biology, University of Texas Health Science 

Center at San Antonio, San Antonio, TX 78229, USA). The p50NFκB knockout mice were 

purchased from Jackson laboratory. To generate double knockout, we have bred 

heterozygote db−/db+ with PARP-1 or p50NFκB knockout mice. Before sacrificing the 

animals, the body weight and blood glucose levels were measured. Then mice were 

anaesthetized with isoflurane and then thoracic aortas were immediately harvested and 

placed in PSS solution and processed appropriately for further studies.

Vascular Reactivity

Ex vivo experiments

Isometric tension recording: Thoracic aorta from control and diabetic mice were carefully 

cleaned of fat and connective tissue and then cut into rings (2 mm in length) and mounted in 

a small vessel dual chamber myograph for measurement of isometric tension. After a 30 min 

equilibration period in PSS solution bubbled with carbogen, at 37°C and pH=7.4, arteries 

were stretched to their optimal lumen diameter for active tension development. After a 

second 30 min equilibration period, the vessels were exposed to phenylephrine (PE, 10-5 M) 

and the presence of functional endothelium was assessed by the ability of acetylcholine 

(ACh, 10−6 M) to induce relaxation.

To determine the role of eNOS and COX-2 in the impaired endothelium-dependent 

relaxation in diabetic mice, aortas were incubated with NS 398 (10 μM), a COX-2 selective 

inhibitor, for 1h and then endothelium-dependent relaxation was performed after pre-

contraction with PE.

To determine the role of eNOS and NADPH oxidase in the impaired endothelium-dependent 

relaxation in diabetic mice, aortas were incubated with L-NAME (100 μM) and apocynin 

(100 μM) for 30 minutes and then endothelium-dependent relaxation was performed after 

pre-contraction with PE.
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The same protocol was used for double knockout db−/db− and p50 NFκB 

(db−/db-p50NFκB−/−), db−/db− and PARP-1 (db−/db-PARP-1−/−) male mice. After pre-

contraction with PE (10−5 M) and the steady maximal contraction, cumulative dose-response 

curves were obtained for ACh (10−8−10−5 M) and SNP (10−8−10−5 M) in the presence or 

absence of NS-398, L-NAME and apocynin.

In vitro experiments—Thoracic aortas from diabetic mice were carefully cleaned of fat 

and connective tissue and then cut into rings (2 mm in length) and were mounted in a small 

vessel dual chamber myograph for measurement of isometric tension. Arteries were 

incubated with either p65NFκB shRNA lentiviral particle (Santa Cruz, Santa Cruz, CA) to 

down-regulate p65NFκB expression or AG1478 (LC Laboratories, Woburn, MA), EGFR 

tyrosine kinase inhibitor for 4 hours. After pre-contraction with PE (10−5 M) and the steady 

maximal contraction, cumulative dose-response curves were obtained for ACh (10−8−10−5 

M) and SNP (10−8−10−5 M) in the presence or absence of L-NAME as described above.

Western blot analysis

Freshly isolated aortas from all groups were immediately frozen in liquid nitrogen and then 

homogenized in ice-cold lysis buffer as described previously [14, 8] Western blot analysis 

was performed for phosphorylated-Ser1177 and total eNOS (1:1,000 dilution; Cell 

Signaling, Boston, MA), phosphorylated and total p65NFκB (1:1,000 dilution; Cell 

Signaling, Boston, MA), cleaved and total PARP-1 (1:1,000 dilution; Cell Signaling, Boston, 

MA) and COX-2 (1:500 dilution, Santa Cruz, Santa Cruz, CA) using specific antibodies. 

Blots were stripped and then reprobed with either β-actin (1:2000 dilution, Santa Cruz, Santa 

Cruz, CA) or GAPDH (1:2000 dilution, Santa Cruz, Santa Cruz, CA) antibodies to verify 

the equal loading among the samples.

Drugs

Phenylephrine hydrochloride, acetylcholine, L-NAME, apocynin, NS398 were obtained 

from Sigma-Aldrich (St. Louis, MO). IKK-NBD peptide was purchased from Enzo Life 

sciences (Farmingdale, NY). The DHMEQ was synthesized by Dr. Kazuo Umezawa (Aichi 

Medical University, Nagakute, Japan).

Statistical analysis

Results are expressed as mean ± SEM. Concentration-response curves were analyzed using 

the GraphPad Prism 4.0 software (GraphPad software, La Jolla, CA). One-way or 2-way 

ANOVA was used to compare each parameter when appropriate. Comparisons between 

groups were performed with t- tests when the ANOVA test was statistically significant. 

Values of P < 0.05 were considered significant. Differences between specified groups were 

analyzed using the Student's t test (two-tailed) for comparing two groups with P < 0.05 
considered statistically significant.
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RESULTS

General parameters

Blood glucose levels and body weight were higher in db−/db− mice (393.7 ± 20.17mg/dl, 

42.29 ± 0.57g respectively) with and without NFκB inhibitors, and in double knockout mice 

(db−/db-p50NFκB−/− and db−/db-PARP-1−/−) compared to db−/db+ mice (132.3 ± 0.89 mg/dl, 

24.19 ± 0.48 g respectively) (Table 1).

NFκB and endothelium-dependent relaxation (EDR) in thoracic aorta

The endothelium-dependent relaxation (EDR) in thoracic aorta was impaired in db−/db− 

mice compared to db−/db+ mice (Figure 1A, B). Interestingly the inhibition of NFκB 

improved EDR in thoracic aorta from db−/db− mice (Figure 1A, B Table 2A). We did not 

observe any effect on EDR in thoracic aorta in db−/db+ mice after the inhibition of NFκB 

(Figure 1F). The inhibition of eNOS with L-NAME reduced EDR in all groups of mice 

(Figure 1E).

Our data demonstrated that the inhibition of NADPH oxidases by apocynin did not affect the 

EDR in the thoracic aorta (Figure 1C, Table 2B). However, the inhibition of COX-2 by 

NS398 significantly improved the EDR in thoracic aorta (Figure 1D, Table 2C). Western 

blot analysis revealed that phosphorylated eNOS was significantly reduced, while 

phosphorylated NFκB-p65 and cleaved PARP-1 and COX-2 expression were significantly 

augmented in thoracic aorta from db−/db− mice (Figure 2A, B, C, D). Interestingly, diabetic 

mice treated with NFκB inhibitors (DHMEQ and IKK-NBD peptide) enhanced eNOS 

phosphorylation but reduced NFκB-p65 phosphorylation, cleaved PARP-1 and COX-2 

expression (Figure 2A, B, C, D).

To strengthen our results, we examined the EDR in thoracic aorta from double knockout 

mice (db−/db- p50NFκB−/−). Western blot analysis confirmed the absence of p50NFκB in 

aorta from db−/db−p50NFκB−/− mice (Figure 3D). Furthermore, our data demonstrated that 

the EDR was significantly improved in the thoracic aorta isolated from db−/db- p50NFκB−/− 

mice associated with increased eNOS phosphorylation (Figure 3A, C Table 2A). In addition 

we observed that the EDR in thoracic aorta was significantly improved in double knockout 

db−/db-PARP-1−/− mice and arteries from db−/db− mice treated with COX-2 inhibitor (Figure 

3A, B, Table 2C). These results were also associated with a reduction in cleaved PARP-1 

and COX-2 expression in thoracic aorta from db−/db- p50NFκB−/− (Figure 3E, F). 

Furthermore, western blot analysis revealed that in the thoracic aorta from db−/db- PARP-1−/− 

mice, PARP-1 was absent and this was associated with reduced p65NFκB phosphorylation 

and COX-2 expression and an increase in eNOS phosphorylation (Figure 3G, H, I, J). 

Endothelium-independent relaxation in response to sodium nitroprusside (SNP) in thoracic 

aorta was similar in all groups (control, db−/db−, db−/db- p50NFκB−/− and db−/db−PARP-1−/− 

(data not shown) indicating that impaired EDR is related to bioavailability of nitric oxide 

rather than response of smooth muscle cells to nitric oxide.
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Effect of acute EGFR tyrosine kinase (TK) inhibition and down regulation of p65NFκB on 
thoracic aorta reactivity

The acute inhibition of EGFRtk significantly improved the EDR in isolated thoracic aorta 

from db−/db− mice (Figure 4A, Table 2D). The p65NFκB phosphorylation was reduced in 

thoracic aorta after the inhibition of EGFRtk (Figure 4B) indicating that p65NFκB is down 

stream to EGFRtk. The acute down regulation of p65NFκB in isolated aorta from db−/db− 

mice transfected with lentivirus-shRNA-p65NFκB significantly improved the EDR (Figure 

4C, Table 2D). Western blot analysis confirmed the down regulation of p65NFκB in thoracic 

aorta transfected with lentivirus-shRNA-p65NFκB (Figure 4D). Endothelium-independent 

relaxation in response to sodium nitroprusside (SNP) in thoracic aorta showed no difference 

among groups (control, db-/db− and db−/db− transfected with p65NFκB shRNA lentiviral 

particles) (data not shown).

DISCUSSION

In this study, we determined that enhanced NFκB pathway impairs conductance arteries 

endothelium-dependent relaxation in type 2 diabetic male mice. Thus, the inhibition of 

NFκB using pharmacology, molecular and genetic approaches significantly improved EDR 

in db−/db− mice. We also delineated that enhanced NFκB impaired endothelium-dependent 

relaxation in thoracic aorta by PARP-1 and COX-2-dependent mechanisms. These 

observations suggest that NFκB could be an important target to improve the conductance 

artery function in type 2 diabetes.

Diabetic vascular dysfunction is a major clinical problem that predisposes patients to a 

variety of cardiovascular diseases [16, 17, 18, 19]. Hyperglycemic episodes play a major 

part in the development of vascular endothelial dysfunction, which is an early factor 

preceding the arterial structural wall remodeling [20]. It has been documented that altered 

cyclooxygenases activity [21], increased oxidative stress levels [22], insulin resistance and 

inflammation are potentially through the induction of NFκB [ 23 ]. Although significant 

progress has been advanced in understanding the importance of NFκB [24, 25], less is 

known about NFκB in thoracic aorta endothelial dysfunction in type 2 diabetes.

Endothelium is an important organ regulating the vascular reactivity. Our results indicate 

that endothelium-dependent relaxation in thoracic aorta, which is highly dependent on the 

bioavailability of nitric oxide [26], was impaired in type 2 diabetes. These data are in 

agreement with previous studies [27, 28]. Bussy et al. showed that NFκB activity is 

increased after loss of nitric oxide [29]. Our data are in accordance with this study since we 

observed that impairment in endothelial function was associated with an increase in vascular 

NFκB activity. Importantly, the inhibition of NFκB activity significantly improved 

endothelium dependent relaxation in thoracic aorta associated with increased eNOS 

phosphorylation. The inhibition of NFκB did not affect blood glucose, insulin levels or body 

weight indicating that enhanced NFκB in conductance arteries is a consequence of type 2 

diabetes.

Previous studies reported that active NFκB trans-locates into the nucleus, interacts with 

PARP-1 and binds to DNA [30]. We previously reported that the inhibition of PARP-1 
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activity significantly improved vascular function [11] in type 2 diabetes. Moreover, Dr. 

Veves group's showed activated PARP in subjects at risk for developing type 2 diabetes and 

impaired vascular reactivity [31]. Furthermore, it has been shown that PARP-1 inhibition 

exert beneficial effect against the development of cardiovascular complications in type 1 

diabetes [32]. Interestingly, the inhibition of NFκB signaling reduced cleaved PARP-1, 

indicating the cross-talk between NFκB and PARP-1. Our data are in accordance with 

another study showing that, PARP-1 activation plays an important role in the diabetes-

induced death of retinal capillary cells, at least in part via NF-kappaB [32]. Additionally, the 

inhibition of PARP-1 activity in db−/db− mice significantly improved vascular function. All 

together, these data reveal that NFκB regulates vascular function in type 2 diabetes by 

PARP-1-dependent mechanism. These data were strengthened with the use of double 

knockout db−/db-PARP-1−/−. Moreover, several studies, supporting our results, demonstrated 

the formation of a complex between NFκB and PARP-1 in the nucleus, which binds to DNA 

to modulate gene expression [33].

Another factor that plays an important role in vascular endothelial dysfunction in type 2 

diabetes is COX-2. Our data indicate that vascular COX-2 expression was enhanced in 

thoracic aorta in db−/db− mice, which is in accordance with previous studies [34, 35]. It is 

well established that NFκB controls the expression of genes involved in the inflammatory 

response, such as COX-2. We observed that the inhibition of NFκB in db−/db− mice reduced 

COX-2 expression suggesting that COX-2 is downstream to NFκB. In addition, our in vitro 
study showed that acute inhibition of COX-2 improves thoracic aorta endothelium-

dependent relaxation in db−/db− mice. These data indicate that the inhibition of NFκB 

improved thoracic aorta function by a COX-2-dependent mechanism in db−/db− mice. The 

role of COX-2 in vascular dysfunction in diabetes can also be independent of eNOS. Thus, 

previous studies reported a significant up-regulation of COX-2 in thoracic aortic VSMCs 

that contributes to enhanced contractile responses likely through TXA2 in type 2 diabetic 

mice [36]. Our data demonstrated that the inhibition of NFkB reduced COX-2 expression 

and improved thoracic aorta endothelium-dependent relaxation. These results indicate that 

COX-2 plays a role in impaired endothelium-dependent relaxation in thoracic aorta in 

diabetes.

Additionally others and we showed that epidermal growth factor receptor tyrosine kinase 

(EGFRtk) plays an important role in the regulation of resistance artery myogenic tone. Thus, 

elevated EGFRtk phosphorylation contributes to resistance arteries dysfunction in type 2 and 

type 1 diabetes [37, 38]. Our data indicate that in vitro acute inhibition of EGFRtk improved 

EDR and reduced p65NFκB phosphorylation, indicating that EGFRtk is upstream to NFκB.

In conclusion, our in vivo and in vitro data clearly indicate that enhanced NFκB pathway 

impairs thoracic aorta endothelium-dependent relaxation in type 2 diabetes. We also 

previously demonstrated that augmented NFκB impairs resistance arteries endothelium-

dependent relaxation in type 2 diabetic mice. Taken all together these evidences indicate that 

the NFκB pathway is not specific to one vascular bed and could be a potential target for a 

novel therapeutic strategy to reverse diabetes-induced vascular complication. Figure 5 

showed the proposed mechanism by which enhanced NFκB causes endothelial dysfunction 

in thoracic aorta in type 2 diabetes.
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PERSPECTIVES

Type 2 diabetes is a metabolic disease, characterized by hyperglycemia and insulin 

resistance, associated with vascular dysfunction. Diabetes induced-vascular complication is 

still growing. Therefore, the development of novel effective treatments for diabetic patients 

with vascular complications remains critical. Our data indicate that NFkB plays an important 

role in vascular dysfunction in type 2 diabetic mice. Importantly, the inhibition of NFkB 

activity improved vascular function by PARP-1 and COX-2 dependent mechanisms. 

Therefore, NFkB and its down stream signaling (PARP-1 and COX-2) could be potential 

targets for novel therapeutic strategies to overcome diabetes-induced vascular complications.

LIMITATION

The endothelial nitric-oxide synthase (eNOS) activity is regulated by multiple 

phosphorylation sites. The coordinated phosphorylation of eNOS at Ser1177 and 

dephosphorylation at Thr495 activates the enzyme, whereas inhibition results when Thr495 

is phosphorylated and Ser1177 is dephosphorylated. However, Ser1177 can be 

phosphorylated along with other inhibitory residues that prevent the enzyme from being 

active and as consequence it reduces the amount of NO bioavailability. Recently other 

phosphorylation sites of eNOS have been reported, including the stimulatory Ser 635, Ser 

617 sites, and the inhibitory Thr 495 and Ser 116 sites. Therefore, the eNOS 

phosphorylation should be associated with the measurement of NO bioavailability and 

vascular endothelium-dependent relaxation.

Another limitation of this work is the use of genetic model mouse (db−/db−). The human 

diabetes is typically a result of obesity, sedentary lifestyle, and uncontrolled diet. Diet-

induced obesity and/or diabetes would be a more representative model. Therefore, the role of 

NFκB inhibition in mice fed with diet-induced obesity/diabetes is needed.
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Figure 1. Effect of the NFκB inhibition on endothelium-dependent relaxation in thoracic aorta 
(n=10)
Key representative traces showing endothelium-dependent relaxation curves to ACh from 

control, and type 2 diabetic mice (db−/db−) treated with or without DHMEQ or IKK-NBD 

peptide and double knockout mice between db−/db− and p-50NFκB (db−/db-p-50NFκB−/−) 

and double knockout mice between db−/db− and PARP-1 male mice (db−/db-PARP-1−/−) (A). 
Endothelium-dependent relaxation in response to cumulative doses of ACh (10−8−3.10−5 M) 

in rings from aorta, pre-contracted with phenylephrine (PE, 10−5 M), from control, db−/db− 

treated with or without DHMEQ or IKK-NBD peptide (B) and incubated with apocynin 

(APO, NADPH oxidase inhibitor) (C) or NS 398 (COX-2 inhibitor) (D) or L-NAME (eNOS 

inhibitor) (E). Control, control treated with or without DHMEQ or IKK-NBD peptide (F). 
*P < 0.05 for db−/db− vs. control, db−/db− treated with DHMEQ or IKK-NBD. &P < 0.05 

for db−/db− treated with DHMEQ or IKK-NBD vs. control.

Kassan et al. Page 11

Diabetes Metab Res Rev. Author manuscript; available in PMC 2016 April 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Western blot analysis and quantitative data (n=5), in homogenized aorta from control and 

type 2 diabetic mice (db−/db−) treated with or without DHMEQ or IKK-NBD, showing 

phosphorylated P-eNOS, total T-eNOS (A) phosphorylated P-p-65, total T-p-65 (B), cleaved 

c-PARP-1 and total T-PARP-1 (C), COX-2 (D) and β-actin. $P< 0.05 for db−/db− vs. control, 

control treated with DHMEQ or IKK-NBD, db−/db− treated with DHMEQ or IKK-NBD.
@P< 0.05 for db−/db− vs. db−/db− treated with DHMEQ or IKK-NBD
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Figure 3. Effect of the NFκB inhibition on endothelium-dependent relaxation in thoracic aorta 
(n=10)
Endothelium-dependent relaxation in response to cumulative doses of ACh (10−8−3.10−5 M) 

in rings from aorta, pre-contracted with phenylephrine (PE, 10−5 M), from Control, db−/db−, 

db−/db-p- 50NFκB−/− and db−/db-PARP-1−/−, (A) and incubated with NS 398 (COX-2 inhibitor)

(B) *P < 0.05 for db−/db− vs. control, db−/db-p-50NFκB−/− or db−/db-PARP-1−/− #P < 0.05 for 

db−/db-PARP-1 vs. control, db−/dbp-50NFκB−/−.

Western blot analysis and quantitative data (n=5) in homogenized thoracic aorta from 

control, db−/db−, and double knockout mice between db−/db− and p50NFκB 
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(db−/db-p-50NFκB−/−) showing phosphorylated (P)-eNOS, total (T)-eNOS (C) p50NFκB (D), 
cleaved (c)-PARP-1 and total (T)-PARP-1 (E), COX-2 (F) and β-actin, and double knockout 

mice between db−/db− and PARP-1 male mice (db−/db-PARP-1−/−), showing phosphorylated 

(P)-eNOS, total (T)-eNOS (G) phosphorylated (P)-p-65 and total (T)-p-65 (H), total (T)-

PARP-1 (I), COX-2 (J) and β-actin.
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Figure 4. Effect of the EGFRtk inhibitor and p-65NFκB shRNA lenti-viral particles (n=5) on
-Endothelium-dependent relaxation in thoracic aorta in response to cumulative doses of ACh 

(10−8−3.10−5 M) in rings from aorta, pre-contracted with phenylephrine (PE, 10−5 M), from 

db−/db− incubated with either AG1478 (EGFRtk inhibitor) or p-65NFκB shRNA lenti-viral 

particles (A, C). #P < 0.05 for db−/db− vs. db−/db− + AG1478. @P < 0.05 for db−/db−, 

db−/db− + scrambled vs. db-/db− + P 65 shRNA

Western blot analysis and quantitative data (n=5) in homogenized thoracic aorta from db−/

db− incubated with either AG1478 (EGFRtk inhibitor) or p-65NFκB shRNA lenti-viral 

particles, showing P-p-65, T-p-65 (B, D) and β-actin.
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Figure 5. 
Representative schematic diagram of the proposed mechanism by which NFκB impairs 

thoracic aorta endothelium-dependent relaxation in type 2 diabetic mice.
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