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Abstract

Obesity and high fat intake induce alterations in vascular function and structure. Aberrant O-
GlcNAcylation (O-GIcNAC) of vascular proteins has been implicated in vascular dysfunction
associated with cardiovascular and metabolic diseases. In the present study, we tested the
hypothesis that high-fat diet (HFD)-mediated increases in O-GIcNAc-modified proteins contribute
to cerebrovascular dysfunction. O-GIcNAc-protein content was increased in arteries from male
Wistar rats treated with a HFD (45% fat) for 12 weeks vs. arteries from rats on control diet (CD).
HFD augmented body weight [(g) 550+10 vs. 502+10 CD], increased plasma triglycerides
[(mg/dl) 160+20 vs. 95+15 CD] and increased contractile responses of basilar arteries to serotonin
(5-HT) [(pDy) 7.0+0.1 vs. 6.7+0.09 CD] and the thromboxane analog U-46619 [(pD,) 7.2+0.1 vs.
6.8+£0.09 CD]. Of importance, increased levels of O-GIcNAc [induced by 24 h-incubation of
vessels with a potent inhibitor of O-GIcNAcase (PugNAc)] increased basilar artery contractions to
U-46619 [(pDy) 7.4+0.07 vs. 6.8+0.08 CD] and 5-HT [(pD,) 7.5+0.06 vs. 7.1+0.1 CD]. Vessels
from rats on the HFD for 12 weeks and vessels treated with PugNAc displayed increased
phosphorylation of p38 (Thrl80/182) and Erk1/2 (Ser!8%/221) Increased SHT-induced contractions
in arteries from rats on the HFD or arteries incubated with PugNAc were abrogated by mitogen-
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activated protein kinase (MAPK) inhibitors. Our data show that HFD augments cerebrovascular G-
GIcNAcylation and this modification contributes to increased contractile responses and to the
activation of the MAPK pathway in the rat basilar artery.
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INTRODUCTION

The quantity and type of dietary fat have important effects on the development of
cardiovascular diseases, including arterial hypertension, atherosclerosis and stroke [1,2].
Studies on blood vessels from humans and animal models indicate that vascular function is
impaired during hypercholesterolemia [3-5]. In addition, a high-fat diet (HFD) negatively
affects vascular function by increasing myogenic tone and favoring endothelial dysfunction
in diet-induced as well as genetic models of obesity [4-8]. We have recently shown that a
HFD impairs cerebrovascular reactivity and worsens outcome after cerebral ischemia, even
before the development of obesity and metabolic disturbances [2].

O-GlcNAcylation (O-GIcNAc) is a dynamic posttranslational modification of nuclear and
cytosolic proteins, first described by Torres and Hart in 1984 [9]. Recent evidence indicates
that O-GIcNAc modulates vascular function, structure and development. Augmented C-
GIcNAcylation increases vascular reactivity to constrictor stimuli [10-12], impairs nitric
oxide (NO)-dependent arteriolar dilations [13], reduces neointima formation, prevents
inflammation-induced vascular dysfunction [14] and modulates placental vasculogenesis
[15]. Of importance, increased vascular O-GlcNAc-modified proteins, or O-GIcNAcylated
proteins, have been reported in aging [16] and cardiovascular diseases such as arterial
hypertension, diabetes and hyperlipidemia/obesity [11,17-20], reinforcing the concept that
O-GIcNAcylation may play a role in vascular dysfunction associated with these pathological
conditions.

Additionally, chronic ingestion of diets high in saturated fat and sugar increases O-GIcNAc
protein modification in the rat heart, and this fact may contribute to the adverse effects of
metabolic syndrome and diabetes by an O-GIcNAc-mediated process [21]. Furthermore
increased vascular O-GIcNAc-protein content was found in HFD-treated animals after
cerebral ischemia induced by middle cerebral artery occlusion [2], but it remained unknown
whether a HFD impacts O-GIcNAc levels in the cerebral circulation in the absence of other
complications (e.g. ischemia).

Brain is one of the tissues where O-GIcNAc is most highly expressed and disturbances in O-
GIcNAc levels are implicated in neurodegenerative processes [22]. O-GIcNAcylation
modulates protein phosphorylation, including the mitogen-activated protein kinase (MAPK)
pathway, and regulates several cellular signaling and functions [23]. Besides the regulatory
role of O-GIcNACc has been extensively described in the brain, few studies have addressed
how this post-translational modification interferes with the cerebral vasculature.
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Large arteries, including the basilar artery, importantly contribute to total cerebral vascular
resistance and are major determinants of local microvascular pressure [24]. Basilar artery
occlusion is associated with a high mortality rate [25] and the mortality trend for stroke
appears to be similar to that of coronary heart disease [26]. However, our current
understanding of the mechanisms that modulate basilar artery (dys)function remains
incomplete. Therefore, the aim of the present study was to determine whether a HFD
activates the O-GIcNAc pathway in cerebral vessels and whether increased -
GIcNAcylation augments contraction in the rat basilar artery. We hypothesized that a HFD
increases O-GIcNAc-modified proteins in cerebral arteries leading to increased vascular
contractile responses. To address the mechanisms by which O-GIcNAcylation changes
cerebral vascular function, we determined whether proteins of the MAPK are modified by
O-GIcNAc and whether MAPK activation contributes to increased contractile response in
basilar arteries from HFD-treated rats.

METHODS

Animals

Male Wistar rats [4 weeks-old (high fat diet protocol) or 12 weeks-old (PugNAc-incubation
protocol); Harlan Laboratories, Indianapolis, IN, USA] were used in this study. All
procedures were performed in accordance with the Guiding Principles in the Care and Use
of Animals, approved by the Augusta University Committee on the Use of Animals in
Research and Education and by the Ethics Committee on Animal Experiments of the
Ribeirao Preto Medical School, University of Sdo Paulo (protocol 052/2012). The animals
were housed four per cage on a 12-h light/dark cycle and fed a standard chow diet with
water ad libitum.

High fat diet and systolic blood pressure measurements

Wistar rats, 4 weeks-old, received either a control diet (CD, 10% fat) or a high fat diet (HFD,
45% fat, from Research Diets, Inc.), for 8 or 12 weeks. Systolic blood pressure (SBP)
measurements were performed by tail cuff before and during the treatment period, as
previously described [11].

Metabolic parameters

At the end of the 8 or 12 week-treatment, insulin was measured by an ELISA kit, from
ALPCO Diagnostics (Windham, NH, USA). Plasma triglycerides and cholesterol were
measured by spectrophotometry, using commercially available kits (Wako USA, Richmond,
VA, USA).

Vascular functional studies

After euthanasia by decapitation, basilar, thoracic aorta and mesentery arteries from rats on
the control diet or HFD were carefully removed and cleaned in an ice-cold physiological salt
solution. Segments of basilar arteries from control rats were incubated in Eagle’s Minimum
Essential Medium (EMEM) containing L-glutamine (1%), fetal bovine serum (10%),
penicillin and streptomycin (0.5%), containing either vehicle (methanol) or PugNAc [O-(2-
acetamido-2-deoxy-D-glucopyranosylidene) amino- N-phenylcarbamate; 100 uM], for 24h.
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Vessels from both sets of experiments (2 mm in length) were carefully mounted as ring
preparations in standard organ chambers for isometric tension recordings, as previously
described [27].

Concentration-response curves to serotonin [5-hydroxytriptamine (5-HT), 1 nM to 10 pM],
phenylephrine (PE, 1 nM to 100 pM), endothelin-1 (ET-1, 0.1 nM to 0.1 uM) or the
thromboxane analog 9.11-dideoxy-9,.11,-methanoepoxyprostaglandin Fo, (U-46619, 0.1
nM to 10 uM) were performed to determine vascular contractility. Concentration-response
curves to 5-HT were performed in the presence and absence of PD98059 ([extracellular
signal-regulated kinase (Erk1/2) inhibitor, 10 uM] or SB203580 (p38 MAPK inhibitor, 10

UM).

Western blot analysis

Proteins (60 pg) extracted from cerebral arteries were separated by electrophoresis, and
Western blots were performed as previously described [28]. Antibodies were as follows:
anti-O-GIcNAc antibody, CTD 110.6 (1:2000; Pierce Biotechnology, USA), total p38
MAPK and Erk1/2 [(1:800) Cell Signaling Technology, Inc]. Immunoblots for
nonphosphoproteins were carried out in the same membranes used to evaluate their
phosphorylated forms: phospho-p38 MAPK (Thr189/182) and phospho-Erk1/2 (Ser 180/221)
[(1:300); Cell Signaling Technology, Inc].

Data analysis

RESULTS

The results are shown as mean + SEM and “/7” represents the number of animals used in the
experiments. Contractile responses are calculated as a percentage of KCI (120 mM)-induced
contraction. Concentration—response curves were fitted using a nonlinear interactive fitting
program (Graph Pad Prism 5.0; GraphPad Software Inc., San Diego, CA, USA) and two
pharmacological parameters were obtained: the maximal effect generated by the agonist (or
Emax) and —log ECsq (or pD5). Statistical analyses of Ep,ax and pD2 values were performed
using one-way ANOVA or Student’s #test. Post hoc comparisons were performed using
Newman-Keuls’s test. Western blot data were analyzed by one-sample ftest and the P value
was computed from the #ratio and the numbers of degrees of freedom. Values of P<0.05
were considered statistically significant.

In order to determine the effects of O-GIcNAcylation on cerebral artery function, basilar
arteries were incubated with PugNAc, a potent O-GIcNAcase inhibitor [29], in order to
increase O-GIcNACc levels. Rat basilar arteries incubated with PugNAc (100 uM) for 24
hours displayed increased vascular content of O-GIcNAc-modified proteins (Figure 1A).

To determine whether increased levels of O-GIcNAc-proteins augment reactivity to
contractile stimuli in the cerebral vasculature, concentration-response curves to contractile
agonists were performed in basilar arteries incubated with vehicle or PugNAc. Accordingly,
5-HT-induced contraction was more sensitive in basilar arteries incubated with PugNAc,
when compared with vehicle [(pD5) 7.0 + 0.08 vehicle vs. 7.5 + 0.06 PugNAc (p = 0,0005)
and (Enax %) 122 + 6 vehicle vs. 136 + 3 PugNAc (p = 0.22); =6, Figure 1B]. Responses to
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the thromboxane A receptor analog U-46619 were increased in basilar arteries incubated
with PugNAc, vs. control arteries [(pD,) 6.8 £ 0.08 vehicle vs. 7.4 + 0.07 PugNAc (p =
0,0002) and (Emax %) 84 + 5 vehicle 101 + 3 PugNAc (p = 0.01); 7=6; Figure 1C]. KCI-
induced contraction in basilar arteries elicited force development of 3.4 £ 0.4 mN in vehicle
and 3.2 £ 0.3 mN in PugNAc group.

To test the hypothesis that a HFD increases O-GIcNACc levels in cerebral arteries leading to
increased contractile response, we first determined the content of O-GIcNAc-modified
proteins in cerebral arteries from rats fed either a control diet (10% fat) or a HFD (45% fat)
for 8 or 12 weeks. O-GIcNAcylated-protein content was increased in cerebral arteries from
male Wistar rats treated with HFD for 8 or 12 weeks (Figures 2A and 2B, respectivelly). The
HFD augmented body weight afte 8 and 12 weeks, and plasma triglycerides after 12 weeks,
compared to the control diet. There were no differences in blood glucose, plasma
cholesterol, plasma insulin concentrations or systolic blood pressure values between the
control and HFD groups (Table 1).

Basilar arteries from rats treated with HFD treated for 8 weeks did not change contraction to
5-HT [(pD3) 7.3+ 0.1 CD vs. 7.2 £ 0.1 HFD (p = 0.49) and (Ejpax %) 107 £ 4 CD vs. 117

+ 4 HFD, (p = 0.08); n=6, Figures 2C] or U-46619 [(pD,) 8.3 £ 0.08 CD vs. 8.5+ 0.1 HFD
(p =0.14) and (Emax %) 93 £ 5 CD vs. 107 £ 6 HFD, (p < 0. 1); n=6,; Figures 2D]. KCI-
induced contraction in basilar arteries elicited force development of 2.9 +£ 0.3 mN in CD-8
weeks and 2.8 £ 0.2 mN in HFD-8 weeks group.

After 12 weeks, basilar arteries from rats submitted to HFD displayed increased vascular
reactivity to 5-HT [(pD2) 6.8 £ 0.08 CD vs. 7.0 + 0.1 HFD (p = 0.15) and (Eqnax %) 106 + 4
CD vs. 152 + 7 HFD, (p = 0.0002); n=6, Figures 2E], U-46619 [(pD,) 7.6 £ 0.1 CD vs. 7.9
+ 0.1 HFD (p = 0.06) and (Emax %) 88 + 3 CD vs. 145 + 7 HFD, (p < 0.0001); n=6,; Figures
2F] and ET-1 [(pD,) 8.3+ 0.2 CD vs. 8.7 £ 0.1 HFD (p = 0,10) and (Emax %) 93 £ 6 CD vs.
167 + 6 HFD, (p < 0.0001); n=6], developing force levels that were similar to those
exhibited by basilar arteries incubated with PugNAc for 24 hours, as described above
(Figure 1B and 1C, respectively). KCl-induced contraction in basilar arteries elicited force
development of 2.9 £ 0.4 mN in CD-12 weeks and 2.5 £ 0.5 mN in HFD-12 weeks group.

Concentration-response curves to contractile agonists were also performed in aorta and
second order-mesenteric arteries from rats on the HFD and control diet. No differences in 5-
HT-, ET-1- or PE-induced contractions were observed between the groups in these blood
vessels (Table 2).

Considering that augmented O-GIcNAcylation levels lead to increased phosphorylation of
proteins, including mitogen-activated protein kinases (MAPKS) [18,30], and that augmented
MAPK activity increases vascular contractile responses [31], we determined whether
changes in vascular reactivity, following treatment with PugNAc and HFD, are associated
with changes in the expression and activity (indicated by phosphorylation levels) of MAPK
enzymes.

Cerebral arteries from rats on the HFD for 12 weeks, but not for 8 weeks, displayed
increased phosphorylation of p38 MAPK at Thr180/182 (Figure 3A and 3C). Increased
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phosphorylation of Erk1/2 at Ser18%/221 was also observed in the HFD group treated for 12
weeks, but not for 8 weeks (Figure 3B and 3D). Total expression of p38 MAPK and Erk1/2
was not modified by the HFD treatment. Similarly, increased O-GlcNAcylation induced by
treatment with PugNAc increased phosphorylation of p38 MAPK Thrl80/182 and Erk1/2
Ser1807221 Kyt did not change the total expression levels of p38 MAPK or Erk1/2 in cerebral
arteries, when compared to vehicle incubation (Figures 4A and 4B, respectively).

MAPK inhibitors were used to evaluate the contribution of p38 MAPK and Erk 1/2 to the
increased vascular contractile-response observed in basilar arteries from HFD rats.
Incubation with SB203580 (p38 MAPK inhibitor, 10 uM, 45 minutes) or with PD98059
(Erk1/2 inhibitor, 10 uM, 45 minutes) abolished the differences in 5-HT-response between
arteries from rats on the HFD and their controls [(pDy) 6.04 £ 0.2 CD vs. 6.6 = 0.2 HFD (p
=0.31) and (Emax %) 108 £ 5 CD vs. 98 £ 8 HFD, (p = 0.07); n=6, Figures 5A; and (pD>)
6.8+0.2CDvs. 7.2+ 0.2 HFD (p=0.18) and (Emax %) 88 £+ 4 CD vs. 92 + 3HFD, (p =
0.44); n=6, Figures 5B, respectively]. Similarly, in the presence of the MAPK inhibitors, no
differences in 5-HT reactivity were observed between arteries incubated with PugNAc and
vehicle [(pDy) 6.3 + 0.08 CD vs. 6.3 + 0.07 HFD (p = 1) and (Ejax %) 113 £ 8 CD vs. 118
+ 6 HFD, (p = 0.62); n=6, Figures 6A; and (pD;) 6.7 £ 0.07s CD vs. 6.7 + 0.006 HFD (p =
1) and (Eqpax %) 106 + 6 CD vs. 111 £ 5 HFD, (p = 0,53); n=6, Figures 6B, respectively].

DISCUSSION

Obesity and high fat intake induce both functional and structural changes in the vasculature
[1,5]. Vascular dysfunction induced by high intake of fat occurs either in the presence [32]
or absence of obesity [33], indicating that high fat, per se, leads to vascular dysfunction. In
the present study, we show that a 12-week HFD augmented corporal weight and plasma
triglycerides while cholesterol, blood glucose and insulin concentrations were not changed.
The HFD also augmented cerebral artery, but not aortic or mesenteric arteries, reactivity to
contractile stimuli, suggesting that short term HFD, without markedly obesity or metabolic
imbalance, may be detrimental to regulate cerebral vascular function. Our data also show
that the high intake of fat augments the vascular content of O-GIcNAc-modified proteins,
which is associated with vascular dysfunction and molecular changes similar to those
induced by the HFD. All together these data indicate that G-GIcNAcylation in cerebral
arteries may represent an additional mechanism underlying vascular dysfunction in
hyperlipidemia and obesity.

Increased flux through the hexosamine biosynthesis pathway (HBP) leads to rapid changes
in the production of UDP-GIcNAc, the immediate donor substrate for O-GIcNAc, and
increases O-GIcNAcylation of many proteins. HBP flux and UDP-GIcNAC availability are
affected directly by many different nutrients, such as glucose, amino acids and fatty acids
[30,34,35]. Free fatty acids can increase HBP flux by inhibiting glycolysis, resulting in
elevated fructose-6-phosphate levels. Acetyl-CoA, produced by fatty acid metabolism,
serves as the donor for glucosamine acetylation in the formation of UDP-GIcNAc [30,34—
36]. Our data show that although the HFD for 12 weeks did not change blood glucose,
plasma cholesterol or plasma insulin concentrations, it significantly increased plasma
triglycerides. The HFD also increased O-GIcNAcylation of proteins in the cerebral
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vasculature, indicating that increased fatty acids may indeed culminate in augmented levels
of O-GIcNAcylated-proteins.

Augmented O-GIcNAc-protein levels affect vascular function in several vascular beds
[12,27,37], but this is the first study to show the effects of this post-translational
modification in the cerebral vasculature using two different approaches. First, cerebral
arteries incubated with PugNAc (a potent inhibitor of O-GIcNAcase) exhibited augmented
O-GIcNACc levels, as well as increased responses to contractile stimuli. Second, cerebral
arteries from rats fed a HFD display increased O-GIcNAc-protein levels and increased
reactivity to several contractile stimuli. Increased reactivity was only observed in the
cerebral vasculature from rats on the HFD; vascular responsiveness to various agonists was
not changed in aorta or resistance mesenteric arteries. These results suggest that the cerebral
vasculature responds earlier to the effects of high fat intake, compared to other vascular
beds.

Several proteins can either be directly modified by O-GIcNAc or their activity is modified in
response to increased levels of O-GIcNAc [38,39]. Targets for the O-GIcNAc modification
include cytokines, transcription factors, proteins involved in calcium handling, insulin
responses, glucose metabolism as well as intracellular signaling pathways [18]. An extensive
crosstalk between O-GIcNAcylation and phosphorylation, resulting from competition by the
same or proximal attachment sites (Serine or Threonine residues on a given protein) has
been extensively described [30,37,40]. In addition, O-GIcNAc regulates an increasing
number of kinases [34,41].

MAPKSs are a family of serine/threonine kinases which are classically associated with
vascular smooth muscle cell contraction, migration, adhesion, collagen deposition, growth,
differentiation, and survival [42]. Of the major MAPKSs, Erk1/2, p38 MAPK, and stress-
activated protein kinase/c-Jun N-terminal kinases (SAPK/INK) are the best characterized
[42]. Considering that the effects of PugNAc as well as HFD on 5-HT reactivity were not
observed in the presence of the p38 MAPK and Erk1/2 inhibitors, we determined whether
increased levels of O-GIcNAcylation by HFD or PugNAc increases signaling via the
MAPKSs pathway. Vessels from rats treated with the HFD as well as vessels incubated with
PugNAc displayed increased phosphorylation of p38 MAPK (Thr80/182) and Erk1/2
(Ser180/221) |n agreement with our data, MAPKSs (p38 MAPK and Erk1/2) are
phosphorylated in response to increased O-GIcNAcC levels [18,30]. A positive correlation
between phosphorylation of the MAPK cascade (Erk1/2 and p38 MAPK) and nuclear C-
GlcNAcylation was observed in fetal human cardiac myocytes exposed to high glucose [43].
In addition, exposure of neutrophils to PugNAc or glucosamine also stimulates the small
GTPase Rac, which is an important upstream regulatory element in p38 MAPK and Erk1/2
signaling in neutrophils [44]. Therefore, one potential mechanism by which &
GIcNAcylation may change vascular reactivity includes the complex interplay between G-
GlcNAcylation and phosphorylation [30,34]. Accordingly, augmented O-GIcNAcylation
levels, as a result of OGA inhibition, result in lower phosphorylation at 280 sites and
increased phosphorylation at 148 sites, which implies that the interaction between these two
translational modifications is large [30,34]. All together these results support the hypothesis
that increased levels of O-GIcNAcylation may increase contractile responses in rat basilar
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artery via activation of the MAPKs pathway and, therefore, may contribute to abnormal
vascular reactivity associated with a HFD.

Another important observation is that vascular responsiveness to various agonists was not
changed in aorta or mesenteric arteries from rats on the HFD after 8 or 12 weeks, but in
basilar arteries, vascular contractility was enhanced after 12 weeks, but not 8-weeks HFD
treatment. Besides we observed higher levels of O-GIcNAc modification in basilar arteries
from 8-weeks HFD treated rats, we were not able to see vascular dysfunction in these
arteries. These results are interesting, because it seems that increased O-GIcNAc
modification elicits vascular dysfunction in basilar arteries earlier than in mesenteric arteries
or aorta. Therefore, it seems that basilar arteries functionality is more susceptive to
alterations elicited by a HFD, compared to aorta or mesenteric artery. This may be important
if we consider that humans, who are submitted to diets rich in fat, such as the Western diet,
are more susceptive to complications in the cerebral vasculature.

Interestingly, we have recently shown that although a HFD for 8 weeks does not change
cerebral artery reactivity under physiological conditions, it does increase cerebral artery
contraction after focal ischemic injury. When basilar arteries were tested at 24 h after middle
cerebral artery occlusion (MCAO), the concentration-response curves to several
vasoconstrictors including 5-HT, ET-1, and U-46619 were left-shifted, indicating enhanced
sensitivity, as well as greater maximum responses [2]. These results indicate that although
vascular dysfunction is not present after 8 weeks of high fat intake, the cerebral vasculature
is already primed to display an abnormal function, especially upon a deleterious event. The
same effect may be occurring in other vascular beds, such as aorta or mesenteric arteries, but
this remains to be evaluated.

One important issue to be remembered here is that blood pressure and other metabolic
parameters, such as glucose or cholesterol, seems to not be involved in the process of
impaired vascular function observed in basilar arteries after HFD treatment for 12 weeks,
since no differences in these parameters were observed between the groups.

One potential limitation of the present work is that we were not able to inhibit O
GlcNacylation during the whole period of high fat intake, in order to determine whether
vascular dysfunction would be prevented by such approach. Unfortunately, orally and
selective OGT inhibitors for chronic treatment are unavailable.

PERSPECTIVES

O-GIcNACc levels are regulated in part by the metabolism of glucose via the hexosamine
biosynthesis pathway (HBP), and the metabolic abnormalities associated with insulin
resistance and diabetes, such as hyperglycemia, hyperlipidemia and hyperinsulinemia, are all
associated with increased HBP flux and increased O-GIcNAc levels [30,35,36].
Consequently, these pathways may play a critical role in the pathogenesis of many
cerebrovascular events, including cerebral ischemia, vertebro-basilar transient attacks and
stroke. Recent studies have demonstrated that many proteins important in vascular function
are targets for O-GIcNAcylation. We showed here, for the first time, that high fat diet is
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associated with increased of O-GIcNAc levels in cerebral arteries leading to increased
vascular contractile responses, along with activation of the MAPK pathway. Taken together
with our previous finding that high fat intake impairs cerebrovascular reactivity and worsens
outcomes after cerebral ischemia, prevention of O-GIcNAcylation and associated
cerebrovascular dysfunction, may represent a novel strategy to target new therapies to
improve vascular function, especially when this function is disrupted by a high fat intake.
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SUMMARY STATEMENT

Increased O-GIcNAcylation in cerebral arteries, as a result of a high fat diet, augments
reactivity to constrictor stimuli as well as increases MAPKSs activity. Increased O-
GIcNACc levels may represent a new mechanism to cerebral vasculature dysfunction under
pathological conditions.
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Figure 1. PugNAc increases the content of O-GIcNAc-proteins and enhances contraction to 5-HT
in basilar arteries
(A) - On the top, representative Western blot image of O-GIcNAc-proteins; on the bottom,

corresponding bar graphs showing the relative O-GIcNAc-proteins after normalization to p-
actin expression. (B) — Concentration-response curves to 5-HT in basilar arteries incubated
with PugNAc (24h) or vehicle. Experimental values of contraction were calculated relatively
to the contractile response produced by KCI 120 mM, which was taken as 100%. Results are
presented as mean £ SEM for 7=6-9 in each experimental group. *, P<0.05 vs. vehicle
(methanol).
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Figure 2. High fat diet for 12 weeks augments O-GIcNAc levels and reactivity to 5-HT in cerebral
arteries
(A-B) - On the top, representative Western blot images of O-GIcNAc-proteins in cerebral

arteries after 8 weeks (A) or 12 weeks (B) of high-fat diet (HFD); on the bottom,
corresponding bar graphs showing the relative expression of O-GIcNAc-proteins after
normalization to B-actin expression. (C-F) - Concentration-response curves performed in
basilar arteries from rats treated with HFD for 8 weeks: 5-HT (C), U-46619 (D); or treated
with HFD for 12 weeks: 5-HT (E), U-46619 (F). Experimental values of contraction were
calculated relatively to the contractile response produced by KCI 120 mM, which was taken
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as 100%. Results are presented as mean + SEM for 7=6-9 in each experimental group. *,
P<0.05 vs. control diet.
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Figure 3. Cerebral arteries from rats treated for 12 weeks with hi
phosphorylation of p38 MAPK (Thr18°/182) and Erk1/2 (SerlBO/2

Bar graphs show the relative expression of phosphorylated forms of (A-C) - phospho-p38
MAPK (Thr180/182) and (B-D) - phospho-Erk1/2 (Ser89/221) in cerebral arteries from rats on
control and HFD for 8 (A-B) or 12 weeks (C-D) of treatment, after normalization to
corresponding total protein expression (/7=6). Results are presented as mean + SEM in each
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Figure 4, PugNAc-incubation induces phosphorylation of p38 MAPK Thr189/182 and Erk1/2
Ser80/221 iy cerepral arteries

Incubation of cerebral arteries with PugNAc (100 uM) did not change the total expression
levels of p38 MAPK or Erk1/2. PugNAc increased expression of the phosphorylated forms
of (A) p38 MAPK Thr180/182 (Thr38) and (B) Erk1/2 Serl80/221 Bar graphs show the relative
expression of phosphorylated forms of phospho-p38 MAPK (Thrl80/182) and phospho-
Erk1/2 (Ser180/221) after normalization to corresponding total protein expression (/7=6).
Results are presented as mean + SEM in each experimental group. *, P<0.05 vs. vehicle
(methanol).

Clin Sci (Lond). Author manuscript; available in PMC 2017 September 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Limaetal.

Page 21

A
150~ 12 Weeks
O
X
< 1004 SB203580 (10uM )
2
©
T 50-
3
© O Control Diet
o
0 : L Higmlzat Diet
-9 -8 -7 -6 -5
5-HT (Log [M])
B
150+ 12 Weeks
100{ PD 98059 (10uM ) ]

(42
o
1

O Control Diet

B High Fat Diet

9 8 7 6 5
5-HT (Log [M])

Figure 5. Augmented contraction to 5-HT in basilar arteries from rats on high fat diet for 12
weeks is abolished by MAPK inhibitors

Concentration-responses curves to 5-HT in basilar arteries from rats on control and HFD
were performed in the presence of (A) SB203580 (p38 MAPK inhibitor, 10 uM, 45 minutes)
or (B) PD98059 (Erk1/2 inhibitor, 10 uM, 45 minutes). Experimental values of contraction
were calculated relatively to the contractile response 18 produced by KCI 120 mM, which
was taken as 100% (/=6). Results are presented as mean + SEM in each experimental group.
*, P<0.05 vs. control diet.
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Figure 6. Augmented contraction to 5-HT after PugNAc incubation was normalized by MAPK
inhibitors in basilar artery
Concentration-responses curves to 5-HT in basilar arteries incubated with vehicle or

PugNAc were performed le in the presence of (A) SB203580 (p38 MAPK inhibitor, 10 pM,

45 minutes) or (B) PD98059 (Erk1/2 inhibitor, 10 uM, 45 minutes). Experimental values of

contraction were calculated relatively to the contractile response produced by KCI 120 mM,
which was taken as 100% (/7=9). Results are presented as mean + SEM in each experimental
group. *, P<0.05 vs. vehicle (methanal).
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Table 1

Plasma glucose, insulin concentration, triglycerides, cholesterol, body weight and systolic blood pressure in
rats treated with a high-fat diet or control diet for 12 weeks.

Control HFdiet Control diet  HF diet

diet 8 weeks 12 weeks 12 weeks
8weeks  (n=12) (n=6) (n=6)
(n=12)
Body weight (g) 41048 g41+12" 502+10 550+10
Triglycerides (mg/dl) 5613 6919 95+15 160420
Cholesterol (mg/dI) 50+3 68+7 574 69+4
Blood glucose (mg/dl) 11143 11542 111+4 11042
Insulin (ng/mL) 1.3+0.7  1.2+06 1.3+0.6 1.0£0.6
SBP (mmHg) 11242 115#3 11843 113+2

HFD, high fat diet; SBP, systolic blood pressure.

*
P < 0.05 vs. respective control diet, Values are mean + SEM.
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pD, and Epax Values for agonists-induced contraction in aorta and second-order mesenteric arteries from rats
treated with a high-fat diet or control diet for 12 weeks.

Control diet HFD
12 weeks 12 weeks
(n=6) (n=6)
pD; Emax pD, Emax
Aorta
PE 737+0.07 103.1+27 735+0.10 106.8+8.5
5-HT 591+0.13 1151+3.0 587+0.05 1189+115
ET-1 8.31+0.08 1258+3.0 832+0.09 1329+116
Mesenteric artery

PE 579+0.08 1214+28 592+0.14 117829
5-HT 6.45+0.14 116.7+25 6.49+0.11 118320
ET-1 787+018 1169+4.6 793+0.11 1202+1.6

The results are presented as mean + SEM of /7= 6 in each experimental group. The pD2 values are —logEC50 and Emay Vvalues are represented as
the percentage of contraction induced by 120 mM KCI. HFD, high fat diet.
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