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Fenofibrate (FF) is widely used to lower blood lipids in clinical practice, but whether its protective effect
on endothelium-dependent vasodilatation (EDV) in thoracic aorta is related with endoplasmic reticulum
(ER) stress remains unknown. In this study, female Sprauge Dawley rats were divided into standard chow
diets (SCD), high-fat diets (HFD) and HFD plus FF treatment group (HFD + FF) randomly. The rats of latter
two groups were given HFD feeding for 5 months, then HFD + FF rats were treated with FF (30 mg/kg,
once daily) via gavage for another 2 months. The pathological and tensional changes, protein expression
of eNOS, and ER stress related genes in thoracic aorta were measured. Then impacts of palmitic acid (PA)
and FF on EDV of thoracic aorta from normal female SD rats were observed. Ultimately the expression of
ER stress related genes were assessed in primary mouse aortic endothelial cells (MAEC) treated by
fenofibric acid (FA) and PA. We found that FF treatment improved serum lipid levels and pathological
changes in thoracic aorta, accompanied with decreased ER stress and increased phosphorylation of eNOS.
FF pretreatment also improved EDV impaired by different concentrations of PA treatment. The dose- and
time-dependent inhibition of cell proliferation by PA were inverted by FA pretreatment. Phosphorylation
of eNOS and expression of ER stress related genes were all inverted by FA pretreatment in PA-treated
MAEC. Our findings show that fenofibrate recovers damaged EDV by chronic HFD feeding and acute
stimulation of PA, this effect is related with decreased ER stress and increased phosphorylation of eNOS.

© 2015 Published by Elsevier Inc.

1. Introduction

Endothelial dysfunction is an early biomarker of vascular injury,
usually develops by the loss of normal endothelium-dependent

Macrovascular disease is one of the common determinants of
morbidity and mortality in obesity-induced metabolic syndrome
[1]. However, the exact mechanisms in the development of mac-
rovascular diseases have not been completely elucidated until now.

Abbreviations: FF, fenofibrate; EDV, endothelium-dependent vasodilatation; ER,
endoplasmic reticulum; SCD, standard chow diets; HFD, high-fat diets; HFD + FF,
HFD plus FF treatment group; PA, palmitic acid; FA, fenofibric acid; eNOS, endo-
thelial nitrc oxide synthase.
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vasodilatation (EDV) responses to acetylcholine (Ach). Elevated
free fatty acid (FFA)-reduced endothelial NO bioavailability is the
leading factor in obesity-induced endothelial dysfunction sug-
gested by some studies [2,3].

Endothelial cells constitute the innermost layer of blood ves-
sels, so damage to endothelial cells is usually considered as the
initial step of endothelial dysfunction. Endothelial cells with a
well-developed endoplasmic reticulum (ER) have a powerful
ability for protein synthesis. Recent studies reported that FFAs
could result in ER stress and endothelial dysfunction [4,5], but
whether FFA-induced ER stress participate in EDV has yet no re-
ports. One of aims of the present study was to determine whether
FFA-mediated ER stress could affect EDV responses in aortas of
obese rats.
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Fenofibrate (FF), a third generation of fibric acid derivatives and
a specific PPARa agonist, can be used to treat diabetic vascular
complications. Subgroup analyses in both the FIELD and ACCORD
lipid trials suggest that FF is one of the best drugs to treat patients
with atherogenic dyslipidemia [6], but the protective effects of FF
on EDV and concrete mechanisms is still not known. We hypoth-
esize that FF treatment can obviously improve EDV responses to
Ach and endothelial dysfunction via alleviating ER stress in endo-
thelial cells induced by high-fat diet (HFD) and high circulated FFAs.

HFD usually induces obesity and hypertriglyceridemia more
easily in male SD rats than in female SD rats, because females
experienced slower adipose gains compared with males when fed
obesogenic diets [7]. We adopted an international standard HFD
(D12451) to feed female SD rats for consecutive 5 months to make
them obese, then they were treated with FF for another 2 months.
Saturated fatty acid palmitate (16:0) is the main saturated fatty acid
in the HFD, while fenofibric acid is the main metabolic form of FF
in vivo [8], so they were chosen to treat primary mouse aortic
endothelial cells (MAEC) to probe the molecular mechanisms of
protective effects of FF on thoracic aorta. As far as we know, this is
the first study in literature which discusses all these parameters in
one single study protocol.

2. Materials and methods
2.1. Experimental animals and protocols

All animal procedures were performed in accordance with the
principles approved by the Animal Ethics Committee of Anhui
Medical University. Eight-week-old female Sprague Dawley rats
(specific pathogen-free) were purchased from the Experimental
Animal Center of Anhui Medical University (Anhui, China) and
acclimated for 1 week. The rats were housed in plastic cages (5 rats/
cage) at room temperature (22—25 °C) and 35—60% humidity under
a 12:12 h light and dark cycle. All of them were allowed free access
to laboratory chow and water. The rats were randomly divided into
three groups including standard chow diet (SCD, D12450B), high-
fat diet (HFD, D12451) and fenofibrate treatment group
(HFD + FF, F6020, Sigma). The rats in HFD and HFD + FF group were
given a standard high-fat diet (D12451) ad libitum for 5 months,
then HFD + FF group underwent intragastric administration with
FF (30 mg/kg/d) for another 2 months. Body weight and food intake
were measured once a week throughout the investigation.

2.2. Serum biochemical parameters and nitrate measurements

Intact thoracic aortas were immediately collected for vascular
tension measurement after all rats were fasted and anesthetized,
the rest were used to determine pathological changes or gene
expression. Serum samples were collected for biochemical ana-
lyses, including triglyceride (TG), total cholesterol (TC), high density
lipoprotein-cholesterol (HDL-C) and low density lipoprotein-
cholesterol (LDL-C). Serum NO levels were measured according to
the commercial kit instructions (Nanjing Jiancheng Bioengineering
Institute, China). Free fatty acid (FFA) and palmitic acid (PA) levels
were measured by gas chromatography according to the method of
Han et al. [9].

2.3. Histological and lipid deposition examinations

Thoracic aorta samples were fixed in 10% formalin, embedded in
paraffin, sectioned (thickness of 5 um), stained with hematoxylin
and eosin (H&E, collagenous fiber), Oil-red O staining (neutral lipid)
[10] and Weigert staining (elastic fibers and integrity) [11]

respectively. Sections were photographed and positively stained
areas of Oil-red O was quantified by Image Pro Plus software.

2.4. Preparation of aortic rings and vascular tension experiment

Isometric tension experiment was performed as described by
Dou et al. [12]. Arteries were stimulated with phenylephrine (PE,
10~% mol/L) followed by cumulative concentrations of acetyl-
choline ( 1078-10~3 mol/L ) to assess endothelial function. The
recorded relaxation curves were plotted as percentages of the
contraction values induced by PE. A modified cotton-tipped
applicator was used to denude of endothelium (-endothelium).
In order to test the role of eNOS in impaired endothelium-
dependent relaxation in rat vessels, aorta from normal SD rats
were incubated with L-NAME (100 umol/L, N5751) for 30 min
and then EDV was assessed.

In order to confirm that whether elevated PA was responsible for
arterial dysfunction and FF had the protective effects, thoracic aorta
were obtained from 10-week old female SD rats to assess the effects
of the saturated fatty acid PA (P5585, Sigma) and FF on normal
arterial function. Rats were anesthetized and vessels were obtained
and mounted as described above. After FF (0.1 mM) or ER stress
inhibitor 4-PBA (10 mM) were pretreated for 45 min or for 20 min
respectively, the rings of thoracic aorta were kept in different
concentrations of PA (0.05—0.2 mM) or ER stress inducer tunica-
mycin (TM, 1 pg/ml, 93755, Sigma) solution for 90 min, then EDV
was assessed.

2.5. Cell culture, MTT and NO colorimetric assay

The primary mouse aortic endothelial cells (MAEC) were ob-
tained and cultured as before [4]. MTT colorimetric assay was used
to determine the dose and time-dependent effect of PA and feno-
fibric acid (FA, CDS003219, Sigma) on cell proliferation. PA was
coupled to fatty acid-free BSA in the ratio of 2:1(PA: albumin)
before experiment, equal concentrations of PA-free albumin was
used as vehicle controls. The cells were firstly treated with 0, 0.1,
0.2, 0.4, 0.8 and 1.0 mM PA then 0.5 mM PA was used to observe
time-dependent (6, 14, 18, 20, 24h) of PA and concentration-
dependent of FA (10—200 uM) protective effect respectively. After
concentration of PA and FA were determined, NO level in super-
natant was assayed according to the kit instruction.

2.6. RT-PCR

Thoracic aorta and MAEC were used to analyse the mRNA
expression by RT-PCR (GRP78 and CHOP) respectively. Then the
genes engaged in ER stress such as IRE1a (IRE1a), downstream ef-
fectors such asand XBP1 (Xbp1, included unspliced Xbp1, Xbp1u and
spliced Xbp1, Xbp1s) were measured in MAEC. Primer sequences
were shown in Table 1. GAPDH was used as internal reference. PCR
products were analyzed on a 3% agarose gel. TM (1 pug/ml) and 4-
PBA (10 mM) was used as inducer and inhibitor of ER stress in
cell lines respectively.

2.7. Western blot

The thoracic aorta and MAEC were used to analyze the protein
expression of eNOS and phosphorylation of eNOS (p-eNOS), ERK
and phosphorylation of ERK (p-ERK), JNK and phosphorylation of
JNK (p-JNK), GRP78, CHOP respectively. GAPDH was used as inter-
nal reference. Antibody binding was detected by enhanced chem-
iluminescence (ECL) and quantified with Gel-Pro Analyzer 3.1
software (Informax). Each experiment was repeated for three
times.
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Table 1
Primer sequences used for RT-PCR analysis in MAEC and rat thoracic aorta.

Species and gene Reference sequence

Primers (5'—3’)

PCR product length (bp)

Forward: ATATCTCATCCCCAGGAAACG 188

Reverse: TCTTCCTTGCTCTTCCTCCTC

Forward: TGTGGTACCCACCAAGAAGTC 220

Reverse: TTCAGCTGTCACTCGGAGAAT

Forward: CTGTGGTCAAGATGGACTGG 208

Reverse: GAAGCGGGAAGTGAAGTAGC

Forward: ACACGCTTGGGAATGGACAC 172

Reverse: CCATGGGAAGATGTTCT GGG

Mouse CHOP NM_007837.3
Mouse GRP78 NM_022310.3
Mouse IRE1a NM_023913.2
Mouse XBP1 NM_013842.3
Mouse GAPDH NM_008084.2

Forward: TGTGTCCGTCGTGGATCTGA 77

Reverse: CCTGCTTCACCACCTTCTTGAT

Forward: TGGAAGCCTGGTATGAGGATCTG 175

Reverse: GAGGTGCTTGTGACCTCTGCTG

Forward: TCAGCCCACCGTAACAATCAAG 88

Reverse:TCCAGTCAGATCAAATGTACCCAGA

Rat CHOP NM_001109986.1
Rat GRP78 NM_013083.2
Rat GAPDH AC_000073.1

Forward: TGCCACTCAGAAGACTGTGG 575

Reverse: TGTGAGGGAGATGCTCAGTG

2.8. Statistical analysis

All data were expressed as means + S.D. Difference between two
groups or more groups were assessed using unpaired, two-tailed
student's t-test or ANOVA. It was considered statistically signifi-
cant when P < 0.05.

3. Results

3.1. Fenofibrate reduces obesity, and improves blood characteristics
of HFD-fed rats

All female rats started the experiment with similar body masses.
Actual food intake showed no overt differences between the three
groups (p > 0.05), but 7 months of HFD feeding caused significantly
more body mass, higher serum levels of TG, TC, LDL-C, FFA, PA, NO
and lower level of HDL-C, while 2 months of FF treatment (30 mg/
kg) clearly reduced body mass and reversed serum indices, but the
level of TC between the 2 groups had no statistically difference
(p > 0.05) (Fig. 1A, Table 2). Because the HFD-fed female rats
showed increased plasma FFA levels, especially PA levels, we
selected PA as a representative HFD ingredient to study its effects in
mouse aortic endothelial cells (MAEC).

3.2. Fenofibrate improved pathology and lipid deposition in thoracic
aorta

Further examination showed pathological changes including
irregular thickening of thoracic aortic wall, disorders and fractures
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Table 2

Effects of fenofibrate on serum parameters of female SD rats.
Parameter SCD HFD HFD+FF
Initial body weight (g) 289.2 + 14.7 3552 + 19.8 355.9 + 203
Final body weight (g) ~ 325.1 +20.3 4266 +263 360.7 + 21.8*
TG (mmol/L) 0.24 + 0.06 0.55 +0.05 0.25 + 0.06%#
TC (mmol/L) 1.44 + 0.09 248 + 022" 2.06 + 0.20
HDL-C (mmol/L) 0.94 + 0.19 0.56 + 0.09° 1.1 +0.17%#
LDL-C (mmol/L) 0.21 + 0.04 0.46 + 0.09° 0.28 + 0.05°
Free fatty acid (mmol/L) 0.34 + 0.05 338 +0.14° 1.67 + 0.08**
Palmitic acid (pg/ml) 201.75 + 1834 654.73 + 40.19" 351.30 + 31.65**

NO (pmol/L) 2281 +218  111.88 +1929" 2562 + 1.21**

All values shown in table are means+S.D. n=6 animals in each group.*p<0.05: vs SCD
group;
**p<0.01: vs SCD group; *p<0.05: vs HFD group; ## p<0.01: vs HFD group.

of elastic fibers in the HFD-fed female rats, in the same time these
pathological changes were improved in the HFD + FF female rats
(Fig. 1B). Qil red-0 staining and quantification confirmed that more
lipid deposited in the vascular walls of HFD group (Fig. 1B, C), while
the lipid droplets were smaller in HFD + FF group. This result was
consistent with serum lipid indices in Table 2.

3.3. Effect of fenofibrate on HFD-mediated impaired vasodilation

Next we designed vascular tension experiment to test the
vasodilatation activity of FF in PE constricted aortic rings from the
three groups. The cumulative addition of Ach (10~ to 1073 M) on
PE-constricted aorta caused concentration-dependent relaxation.
EDV reaction to Ach were much weaker in aortic rings from the
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Fig. 1. Effects of fenofibrate on body mass and thoracic aorta of HFD-fed female SD rats. A. Effects of fenofibrate on body mass of HFD-fed female SD rats. B. Pathological changes in
the thoracic aorta were evaluated with H&E, Weigert and Oil-red O staining (x400) respectively. Representative images were shown. C. Quantification of Oil-red O staining. Data
were expressed as means + S.D. of six female rats/group. **p < 0.01 vs. SCD group, **p < 0.01 vs. HFD group.
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Fig. 2. Endothelium-dependent vasodilatation of thoracic aortas. A. Endothelium-dependent vasodilatation (EDV) in response to Ach, n = 6; B. EDV in response to Ach in the
presence of L-NAME, n = 4; *p < 0.05 vs. SCD; *p < 0.05 vs. HFD; **p < 0.01 for L-NAME vs. control; C—E. EDV response to Ach, incubated with 0.05 mM, 0.1 mM and 0.2 mM PA
respectively or preteated with 0.1 mM FF, n = 6; F. EDV response to Ach, pretreated with ER stress inhibitor 4-PBA, n = 6; G. EDV response to Ach, pretreated with ER stress inducer
tunicamycin (TM). n = 6, *p < 0.05, **p < 0.01 for PA or TM vs. CON; *p < 0.05 for FF + PA vs. PA; 5p < 0.01 for 4-PBA + PA vs. PA.

HFD-fed rats compared with SCD-fed rats, meanwhile FF treatment
significantly ameliorated the impaired relaxation to Ach (Fig. 2A).
When the endothelium was removed, relaxation to Ach was
blunted compared with the intact vessels (data not show), indi-
cated that this type of relaxation was dependent on intact endo-
thelium. L-NAME was specific inhibitor of eNOS, incubation with L-
NAME almost completely abolished the relaxation in aorta, sug-
gested that EDV reaction to Ach mainly depended on eNOS activity
(Fig. 2B). Our results indicated that chronic HFD feeding seriously
impaired EDV, while FF treatment partly recovered the impaired
EDV, this was consistent with the results of Omae et al. in isolated
porcine retinal arteriole [13].

3.4. Effect of fenofibrate on impaired EDV induced by acute PA
treatement

Previously we reported that ER stress induced by HCD feeding
was possibly associated with endothelial dysfunction in mice
aorta [4]. When incubated with PA, we found that 0.05 mM
and 01 mM PA only influenced the relaxation in high-
concentration of Ach (10~° to 10> M), but when the concentra-
tion of PA was increased to 0.2 mM, the relaxation of aorta was
reduced obviously. Pretreatment with 0.1 mM FF almost completely
relieved the impaired EDV induced by 0.05—0.2 mM PA treatment
(Fig. 2C—E).

To determine the relationship between ER stress and vascular
reactivity, we examined EDV in the presence of ER stress inhibitor
4-PBA or inducer TM. Treatment with 4-PBA for 3 h alone had no
effect on EDV, but pretreatment with 4-PBA followed by incubated
with 0.2 mM PA could significantly relieved impaired EDV induced
by PA (Fig. 2F). When incubated with TM for 90 min, the response to
Ach was significantly reduced compared to that in vehicle (Krebs
buffer) (Fig. 2G), indicated that FF and ER stress inhibitor all
recovered damaged EDV induced by PA, and ER stress inducer TM
could induce EDV.

3.5. Effect of fenofibrate on ER stress in thoracic aorta

RT-PCR analyses showed that HFD feeding induced ER stress in
thoracic aorta by increasing CHOP (Chop) and GRP78 (Grp78) mRNA
expression, meanwhile FF treatment alleviated HFD-induced ER
stress (Fig. 3A, B). The changes of protein expression of GRP78 and
CHOP were consistent with their respective mRNA expression
(Fig. 3C, D). Further analyses of eNOS and p-eNOS indicated that p-
eNOS was obviously reduced, meanwhile FF treatment significantly
increased p-eNOS level (Fig. 3C, D). ERK and JNK are two down-
stream effectors of ER stress, specific activation of IRE1a, pathway
can lead to ERK and JNK activation [ 14,15]. The variation tendency of
p-JNK relative to JNK and p-ERK relative to ERK were consistent with
the changes of GRP78 and CHOP, suggested that JNK and ERK were
activated by HFD feeding, while FF treatment could invert activated
JNK and ERK through alleviation of GRP78 and CHOP (Fig. 3C, D).

3.6. Effect of FA on cell proliferation and NO production decreased
by palmitic acid in MAEC

As shown in Fig. 4A—C, the proliferation of the MAEC was
obviously suppressed by 0.1-1.0 mM PA, which exhibited a dose
and time-dependent manner, the maximum inhibition was reached
when treated with 1.0 mM PA for 24 h. Lu et al. also showed a dose-
dependent reduction in cellular viability at doses of PA ranging
from 100 uM to 400 uM [16]. FA significantly increased the cell
viability suppressed by PA especially when the concentration was
reached to 0.2 mM (Fig. 4C). NO was mainly produced by catalysis of
eNOS, FA pretreatment obviously increased secretion of NO into
supernatant which was decreased by PA treatment (Fig. 3E).

3.7. Effect of FA on PA-mediated ER stress and expression of eNOS in
MAEC

ER stress in MAEC exposed to TM or PA for 24 h was determined
by the gene expression of ER stress markers. TM or PA obviously
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Fig. 3. Effects of fenofibrate on gene expression in thoracic aortas of HFD-fed female SD rats. A. Gene expression of CHOP and GRP78 were analyzed by RT-PCR; B. Quantification of A;
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increased CHOP and GRP78 expression (Fig. 4D, E, H, I). IREla is a
typical ER stress sensor, TM or PA also increased the mRNA
expression of IRE1a and downstream spliced XBP1 (XBP-1s) mRNA,
while FA or 4-PBA pretreatment obviously decreased the mRNA
levels of IRE1a. and XBP-1s (Fig. 4F, G).

The effect of PA on ER stress is specific as there had no changes
in the expression of ER stress markers in MAEC incubated with
vehicle and 4-PBA alone (Fig. 4D—F). Similar increase of p-ERK
relative to ERK, p-JNK relative to JNK and decrease of p-eNOS
relative to eNOS after incubation with TM or PA was exhibited in
MAEC as in thoracic aorta, which were normalized after ER stress
inhibition by 4-PBA or FA pretreatment (Fig. 4H, J).

4. Discussion

Obesity is a well-established cardiovascular risk factor, resulting
in elevated circulating free fatty acids (FFA) and endothelial
dysfunction, but so far few articles have reported endothelial
dysfunction induced by PA and vascular protective effects of FF in
hyperlipidemic animal models. In the present study, the
endothelium-dependent vasodilatation (EDV) was investigated in
thoracic aorta from FF-treated HFD-fed female rat model and
normal SD female rats respectively (Fig. 2). This report also revealed
a novel role of FF on EDV by ameliorating ER stress in rat endo-
thelium and mouse aortic endothelial cells.

A standard HFD (D12451) was administered for 5 months to
construct a hyperlipidemic female rat model successfully. The
blood lipid indices were significantly elevated in HFD-fed female
rats, and 2 months of FF treatment had obvious hypolipidemic ac-
tivities except for TC levels. Chronic HFD feeding also deposited
excess lipid in different vascular sites including intima, medium
and extima, and caused irregular thickening in elastic fibers and
impaired the integrity of vascular endothelium, while FF treatment
significantly reverted these pathological changes (Fig. 1). To the

best of our knowledge, this was the first study of FF treatment on
elastic fibers of vessels in HFD-fed animal models.

It is well established that hyperlipidemia impairs endothelial
function in experimental animals and humans as well [17,18]. NO is
a typical vasodilator, opposite changes of NO level in serum of the
HFD-fed and HFD + FF rats indicated the existence of endothelial
dysfunction and improvement by FF treatment in vivo (Table 2).
EDV in the isolated thoracic aorta from different groups showed
that Ach-mediated vasodilation was severely impaired after
chronic HFD feeding, meanwhile FF treatment obviously inverted
the impaired EDV (Fig. 2A). Inhibition of NO synthesis by L-NAME
almost completely abolished the EDV, suggesting that inactivation
of endothelial NOS (eNOS) may play an important role in EDV
(Fig. 2B). Some reports showed that FF only had a limited beneficial
effect on vascular function [19,20], which were not consistent with
our results, this maybe related with different diet components,
different time and dose of FF treatment.

Chronic HFD feeding resulted in especially elevated PA (Table 2),
so in order to confirm whether HFD-mediated impaired EDV was at
least partly attributed to PA, the EDV experiment with PA and FF on
the thoracic aorta from normal female SD rats was launched. The
results showed that the EDV were obviously damaged by 0.2 mM
PA in different all concentrations of Ach, while 0.1 mM FF pre-
treatment antagonized the damaged effect of PA on EDV
(Fig. 2C—E). Then we hypothesized that the damaged EDV by PA was
possibly related with PA-induced ER stress and alleviation of ER
stress decreased damage of EDV. The results demonstrated that ER
stress scavenger 4-PBA could antagonize damaged effect of PA on
EDV (Fig. 2F), meanwhile ER stress inducer TM damaged EDV and
showed stronger damage than 0.2 mM PA (Fig. 2G), strongly sug-
gested that ER stress possibly participated in HFD and PA-induced
damaged EDV.

There had seldom studies about mitigatory effect of FF on ER
stress [21,22], even had report about increased ER stress by FF [23].
Our study showed that ER stress-related genes such as CHOP and
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Fig. 4. Effects of FA on cell proliferation and gene expression in PA-treated MAEC. A. Dose effect of PA treatment; B. Time effect of PA treatment; C. Effect of FA pretreatment on PA-
treated MAEC; D—G. Gene expression were analyzed by RT-PCR; H. Western blot of eNOS, phosphorylation of eNOS (p-eNOS), JNK, phosphorylation of JNK (p-JNK), ERK, phos-

phorylation of ERK (p-ERK), CHOP and GRP78. I-]. Quantification of H. Values are means + S.D, *p < 0.05, **p < 0.01, vs. CON; #p < 0.05, *p < 0.01 vs. PA.

GRP78, phosphorylation of ERK and JNK were obviously increased
in HFD-induced thoracic aorta, while FF treatment obviously
reverted ER stress and phosphorylation of ERK and JNK (Fig. 3). ER
stress decreased phosphorylation of eNOS and activation, resulted
in decreased NO formation and impaired EDV.

Then we confirmed the effects of PA and FA in primary MAEC.
The proliferation of the MAEC was inhibited by PA and displayed in
a time- and dose-dependent manner, while FA pretreatment
increased proliferation and exhibited dose-dependent effect to
some degree (Fig. 4A—C). Preliminary study from our laboratory
demonstrated that PA increased protein expression of CHOP and
GRP78 in primary MAEC [4], the present study demonstrated that
expression of IRE1a. and downstream XBP-1s were also significantly
upregulated by PA, meanwhile FA pretreatment obviously
decreased their expression (Fig. 4D—G). Protein expression of
GRP78 and CHOP, phosphorylation of JNK and ERK1/2 were
increased significantly, meanwhile phosphorylation of eNOS and
NO levels in the supernatant was decreased obviously, FA pre-
treatment could partly recovered the impact of PA (Fig. 4H—], 3E).
The interesting discovery was that when 4-PBA was added into
medium along with PA, it reverted the influence of PA on phos-
phorylation of JNK, ERK and eNOS, strongly suggested that PA
exerted lipotoxicity by inducing ER stress and FA antagonized effect
of PA at least partly through alleviating ER stress in primary aortic

endothelial cells. These suggestions should be confirmed via
further inhibitor and RNAi experiments.

In conclusion, high-fat intake and palmitic acid treatment
induced endothelial dysfunction by increasing ER stress and
decreasing phosphorylation of eNOS. Fenofibrate restored
endothelium-dependent vasodilation via inhibiting ER stress and
increasing phosphorylation of eNOS, thus provides possible clinical
usage on macrovascular diseases in future.
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